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Abstract 
Notable structural changes have taken place in the world 
sheepmeat market over the 1960-80 period. Imports into the major 
consuming countries of the EEC are declining as a result of 
changing tastes, higher import barriers and other factors. 
World exports have steadily increased however, and sales 
diversified into a number of alternative, expanding markets. 
Little quantitative information exists on these markets. 
An econometric model was constructed to analyse the changes on a 
global basis. The model covers production, consumption and trade 
in the main importing and e~porting regions over a twenty one 
year period. These components form a dynamic, simultaneous system 
which solves for the world price. It allows the impact of changes 
in any particular market to be evaluated in terms of the effect 
on other markets and international prices. 
Simulation analysis is employed to test the effects of various 
shocks to the market, and to evaluate the impacts of certain 
policy changes, such as those recently implemented in the EEC. 
The changes are assessed against a Base simulation, which also 
provides a forecast of the market situation through the 1980's. 
From the conclusions various policy implications are drawn with 
respect to NZ's exports. 
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CHAPTER 1 
INTRODUCTION. 
1.1 Introduction. 
Quantitative analysis of the determination of demand, supply and 
p ric e in the she e p mea t mar k e tis qui tel i mit e d. Th ere is lit t 1 e 
understanding, moreover, of the relationships between the various 
markets, and the producers and consumers in each market on a 
global scale. In order to resolve some of the issues currently 
facing the industry a better understanding is desirable. 
That there are few previous studies of this commodity market, 
especially at the international level is perhaps due to the 
stability and relative unimportance of the trade, and its 
limitation to a handful of countries. A number of studies are 
cited in the bibliography, though they are either purely 
descriptive, or concentrate on particular subsectors of the 
market. Work has been mainly qualitative, but even descriptive 
studies of the 'world' market (eg. Brabyn, 1978; NZHPB, 1977; 
Regan, 1980) frequently omit important trading regions such as 
Latin America or the Middle East. 
Little quantitative analysis has been done of any market, except 
. (" . '. 
th, e UK., and the r e has bee n n 0 a n a 1 y sis 0 f the d e t e r min a t ion 0 f 
\,/ '\ \ -
world sheepmeat prices. Most other studies are devoted to supply 
\., '" 
or demand in a single market (eg. Edwards, 1970; Kelly, 1978; 
Sheppard, 1980) or to international trade of all meat (eg. 
Regier, 1978), of which sheepmeat forms only a minor part. 
T~e work of Reynolds 
\./ \ 
(1981) goes some way towards rectifying 
, 
this, by appending an export demand sub-model to a national sheep 
\~, ./-.~ \ 
industry model. The export sector is highly aggregated though, 
\ 
i 
I 
I 
I. 
2 
and both price and demand are treated as exogenous. 
There are a number of aspects of international trade in sheepmeat 
that make it an interesting subject for analysis. 
Sheep are kept in most temperate regions of the world, but the 
largest excess production is in the Southern Hemisphere, whilst 
the main excess demand is in the Northern Hemisphere. Around 12% 
of world production enters international trade, being shipped 
from the south to the north. Since the early 1900's, when the 
first shipments were made, traditional patterns of trade 
developed, with the market being dominated by exports from NZ to 
Britain (accounting for 75% of world sheepmeat trade in 1962). 
Other traders ~vere Australia and Argentina on the export side, 
and Japan and North America on the import side, but on a small 
scale. 
Since the 1960's trade patterns have changed considerably, ~vith 
Australia and NZ still dominating exports, but with new import 
markets being developed in place of the UK. The latter is still 
the world's largest importer, though other EEC countries 
(including Greece), Japan, Canada, the USA, the USSR, and more 
recently, the Middle East countries have expanded imports 
rapidly. 
The diversification of markets was partly a conscious policy by 
e\xporters to reduce their reliance on the British market. They 
" " '\ \,_ --"'. ...~__ \', ., 1 :,.' 
foresaw \ /"~ " 
''-_.f 
by EEC 
\. 
that the market would be detrimentally affected initially 
, '" -'. /- - --
m e m b e r s hip, I ate r 'b y the i n t rod u c t ion 0 f a com m 0 n 
~. >", 
sheepmeat ~e~ime, and that it would continue to be a declining 
market anyway. It was also a response to market forces brought 
3 
about by increasingly affluent societies in certain regions, who 
had a preference for eating sheepmeat, 
plentiful source of protein. 
or needed a cheap, 
~.,rhatever the reason, trade became less concentrated, though the 
British market continues to exert a strong influence on world 
sheepmeat prices, and international prices follow closely those 
determined at Smithfield (the UK wholesale market). 
,During the 1970's, sheepmeat prices quadrupled, from around 
$500/tonne, to $2,606/t in 1980. In real terms prices have 
changed very little, and have been more stable than for most 
primary commodities. 
Corresponding to the dramatic changes in direction and value of 
trade, has been a large growth in the volume entering the world 
market. Apart from an abrupt fall in trade in 1973-74 (associated 
with the increase in all prices following the 'oil shock', and 
the general world food crisis), quantities exported expanded 
overall some 75% between 1960 and 1980. 
Government influence or participation in sheepmeat production and 
marketing occurs to varying degrees in the regions involved, but 
to a far lesser extent than in other commodity markets. Overall 
the market tends to be relatively stable (OECD, 1979), though it 
is becoming less so, with the irregular entrances of Japan, Iran 
and the USSR. At no time has a world price-stabilization scheme 
'";'.:! been necessary, such as the International Commodity Ag~eements 
for coffee, tea, cocoa and tin. Nor do stocks playa major role, 
as in these other markets, apart from on a short-term (weekly or 
monthly) basis, resulting from such things as dock-strikes and 
excess shipments. Government involvement in the form of Central 
':.-. , 
4 
Authority purchasing is becoming more widespread. 
NZ plays an important role in the international sheepmeat market, 
being one of the major exporters. Excess supply from N.Z has bee_'9 
increasing, and NZ still has a high degree of dependance on the 
\ ' . 
,~ 
livestock sector. Generally there has been no 'global strategy' 
for marketing exports, though recently there has been increasing 
discussion of the need for one (Cullwick, 1980; NZMPB Annual 
Repor t, 1980), because of changes taking place in the market. For 
~ . \ ,. 
instance, NZ's major market (the UK) is a declining .market, bu~ 
, \ 
".J _ ,_, _ 
the EEC and other countries are putting up more trade barriers, 
\- - ',,-
in order to raise self-sufficiency levels. This and increased 
"-.// ~-.-~-'-'~---. 
contractual purchasing reduce the size of the 'free market' where 
NZ could market its increasing excess supply. Excess supply from 
other exporters is also increasing, which poses greater 
competition for existing exporters, as does the competition from 
cheap pork and poultry meat. 
New markets are being developed, but there has been little 
assessment of them, or of the potential which exists for further 
development. There is increasing dependance on one of these new 
markets, the Middle East, because of its fortuitous expansion at 
a time of difficulties in the rest of the international market. 
The Middle East is an extremely fragile market however,and 
despite its high demand for sheepmeat it may not therefore be 
reliable as a long term importer. 
Because of these issues currently facing the industry, and the 
importance of the sheepmeat trade to NZ, it was felt that there 
was a need for a detailed study of the whole market. 
, \ 5 
\/\'" .>' I, : • 
A descriptive background and an econometric model of the world 
sheepmeat trade are presented in this study in order to give a 
better understanding of the structure and parameters of the 
behavioural relationships underlying the market. The determinants 
of production, consumption and trade in sheepmeat throughout the 
world are quantified. The factors that have caused changes in the 
market, and the various market forces that might be expected to 
affect the course of future developments are identified. 
The model is highly aggregated, (covering 13 major trading 
countries or regions, and the single commodity 'sheepmeat') and 
cannot, of course, yield a detailed picture. With the aim of 
providing coverage of the whole market it was intended to explore 
whether a relatively simple model could adequately capture the 
essentials of the mechanisms of trade. 
The model provides a simulation instrument which is subsequently 
used for analyzing market structure, for forecasting, and for 
assessing various policy changes. Several hypotheses are tested 
r~garding further possible structural and policy changes, and 
their effe~ts on the market evaluated. Three specific areas are 
considered. 
The first involves an increase in NZ's export supply. The static 
effects are measured using a reduced form of the model (ie. the 
world export demand elasticity facing NZ). The dynamic, 
simultaneous effects are simulated with the model. 
The second issue involves a disruption to the Middle East trade. 
Th ish as the e f f e c t 0 f c los in g the I ran ian mar k e t to she e p mea t 
imports entirely. 
< ... -~ .: 
6 
The third area considered is the level and type of protection 
imposed by the EEC. The current system is tested, to determine 
both its international impact and whether it maximises welfare in 
the EEC. Then, as a useful preliminary for the renegotiation of 
the EEC sheepmeat regime in 1984/85, the theory of protection is 
reviewed. Against this background, the effects of imposing either 
a higher Ad Valorem tariff, a Variable Levy, a Quota, or a more 
.restrictive Voluntary Restraint Agreement (VRA) in the future are 
\ ___ mea sur e d • 
Since this is a first generation model of the entire market, 
emphasis is placed on determining the mechanisms of trade, in 
order to draw policy implications for trading countries. And, 
whilst the study maintains an international impartiality, it does 
provide the basis on which an effective export policy for N.Z's 
trade in sheepmeat could be framed. 
1.2 The objectives. 
The general objective of this study is to achieve a greater 
understanding and quantification of the interrelationships of the 
. -: world sheepmeat economy, and on this basis to draw implications 
for policy. 
Specific objectives of the study are; 
(1) To provide a description of the sheepmeat market, over the 
period 1960-80, highlighting important changes in the traditional 
patterns o~ production, consumption, trade and institutional 
factors affecting the market. 
(2) To develop a formal model of the sheepmeat sector, which 
determines the linkages between production, consumption and trade 
7 
in each region, and the international market clearing mechanism. 
(3) To determine the response parameters in both import and 
export markets which have not previously been assessed. 
(4) To test the conventional theory of commercial policy. For 
example, to determine the responsiveness of world demand for 
sheepmeat to the exports of a single country; to asess the extent 
of protection existing in the world market; and to determine 
.whether the existing level of protection in the EEC maximises 
welfare. 
(5) To provide a forecasting tool in order to determine the 
model's ability as a predictor, to assess the outlook for 
sheepmeat in the international market over the next ten years, 
and to provide a Base simulation to be used in policy evaluation 
and market analysis. 
(6) To provide a framework within which the international impact 
of various alternative combinations of assumptions can be 
evaluated over time. 
(7) To draw Some conclusions about the sheepmeat market which 
will assist policy makers and exporters in determining export 
strategies. 
1.3 Organization of the study. 
In Chapter 2 a description is given of the world sheepmeat 
market, and the major issues and changes that have taken place 
over the period 1960-80. This provides a detailed background to 
the model developed in Chapters 3, 4, 5, and 6, and emphasises 
the need to consider the market and policy changes simulated in 
Chapter 8. 
· ··1 
8 
In Chapter 3 some of the general issues in the development of the 
model such as the basic structure, the price linkages, the data 
used, and the estimation method are discussed. 
The supply side of the model, which consists of a set of 
equations explaining sheepmeat production in the major trading 
countries, is outlined in Chapter 4. Equations explaining the 
consumption of sheepmeats in the major trading countries are 
,specified in Chapter 5. In both these chapters excess supply and 
demand equations are specified for certain regions and a Rest-of-
World sector, which are net traders, but for which it was not 
possible to estimate domestic supply and demand equations. 
Each country is considered individually in Chapters 4 and 5, with 
emphasis on how the main national characteristics of supply and 
demand are incorporated into the equations. Brief reviews are 
given of literature pertaining to that country's industry, and 
comparisons made between results obtained here, and those of 
other studies. 
In Chapter 6 the complete model is brought together with a series 
of price-linkage equations, identities, and a market clearing 
mechanism. Elasticities of supply and demand are calculated, for 
m a kin g com par i son sam 0 n g c 0 u n t r i e s. R 0 u gh est i mat e s 0 f act u a 1 , 
rather than derived elasticities are made, and the hypothesis of 
market responses being constant over time is tested. 
In Chapter 7 a historical simulation is run to validate the model 
over the estimation period. An ex ante simulation provides a Base 
Simulation and a forecast of trends in the sheepmeat market from 
1981-1990. 
9 
The estimated model is applied in various ways in Chapter 8. 
Important issues facing the industry, which emerged from the 
previous analysis, are assessed in a series of simulation 
experiments. The results of the analysis are evaluated against 
the Base Simulation determined in Chapter 7. 
The concluding remarks in Chapter 9 summarize the results, and 
draw together the implications of the study for NZ exporters • 
. Areas of possible future research are indicated. 
10 
CHAPTER 2 
BACKGROUND TO THE WORLD SHEEPMEAT MARKET. 
2.1 Introduction. 
11 
In this chapter the main features of the international sheepmeat 
market are described. This provides the historical, technological 
and institutionai background for the model constructed in the 
following chapters • 
. In Section 2.2 the main features of sheepmeat production, such as 
how and where it is produced, trends in production over the 
period of study, and causes of change in the industry are 
considered. In Section 2.3 the consumption side is examined, 
identifying the taste, price, income and population factors which 
determine consumption in each country. 
International trade flows, and the major changes which have taken 
p lac e d uri n g the i 9 7 0' s are d 1 s c us sed inS e c t 1 0 n 2 • 4 • Th e c hap t e r 
is concluded with an outline of restrictions to free trade. More 
detail on the background to the world sheepmeat markets can be 
found in Blyth (1981b) and NZMPB (1977). 
2.2 Production. 
Sheepmeat is obtained from sheep of various ages, depending on 
the type of production system, and the nature of demand in the 
country under consideration. It is generally classified as lamb 
(less than one year old), hogget (12-24months), or mutton (from 
older, cull ewes up to 5 years old), though this classification 
differs between countries. The term 'sheepmeat' often includes 
goatmeat but, for reasons given in Chapter 4, it is not 
explicitly covered in this study. A discussion and bibliography 
12 
of the goatmeat market can be found in O'Donnell (1979). 
Sheepmeats constitute a minor category of meat in the world, 
accounting for only 6% of world meat production in 19BO. World 
production of sheepmeat has changed little over the 21 year 
period from 1960-80, and varies around 4,BOOKt annually. (This is 
the total from selected main trading countries, quoted by USDA. 
FAO quote world production as 7-8 million tonnes) • 
. At the same time, production of other meats has grown rapidly 
with poultry showing the most dramatic increase, of around 
7% per annum (Table 2.1). Beef, pork and chicken each hold just 
under 30% shares of the total market. 
Though most countries have a sheep and goat industry, production 
on any significant scale is confined to a relatively few 
countries. World sheep numbers increased gradually during the 
TABLE 2.1 
World Meat Production 
Meat Volume (Kt) Growth 
1960 1980 (% Increase) 
All Meat 82,435 138,143 67.5 
Beef and Veal 23,598 40,594 72.2 
>-';';';'.~;".' Pork 19,264 37,473 94.5 
Chicken 11,616 28,039 141.4 
Lamb and Mutton 4,486 4,529 0.9 
i 
·i SOURCE: FAO, USDA. 
13 
1960's, reaching a peak of 1,040 million in 1970 (FAO, Production 
Yearbook). Poor wool prices, combined with high beef prices 
caused a decline through to 1975; rising sheep prices caused an 
increase in stock numbers to around 1,050m in the late 1970's, 
but bad seasonal conditions in 1980 caused a fall to 957m (Table 
2. 2) • 
TABLE 2.2 
Sheep Numbers in the Main Regions 
(million head) 
1960 1970 1975 1980 
Australia 155 180 152 136 
NZ 47 60 57 69 
Asia 223 265 279 221* 
Africa 116 138 137 135* 
USSR 136 131 145 143 
South America 120 123 110 113* 
North America 41 28 22 21 
East Europe 41 41 41 43 
EEC(9) 42 48 43 48 
West Europe 39 26 30 28 
~ , ~ ~ : ~ " 1 (non-EEC) 
Total 961 1,040 1,018 957* 
* Preliminary 
',~ ~~~,~~ ,:1 
SOURCE: USDA 
14 
The distribution of sheep amongst the main producing nations is 
shown in Table 2.2. The Soviet Union, Australia and India (not 
shown) have the largest flocks, of over 100 million sheep. NZ, 
Turkey, China (not shown), South Africa, Iran and Argentina have 
stocks of over 30 million. Other important producing countries 
are the UK, France, Greece and Spain in Western Europe; Bulgaria, 
Rum ani a and M 0 n g 0 1 i a i n E a s t ern E u r 0 p e , and U rug u a y , Bra;: i 1 and 
,Peru in South America, which each have over 10 million sheep. 
Sheepmeat production is distributed rather differently (Table 
2.3), with the USSR, Australia and NZ each producing over 500Kt, 
TABLE 2.3 
Production of Sheepmeats in the Main Trading Regions 
(Kt) 
1960 1970 1980 
USSR 968 952 844 
Australia 568 769 551 
NZ 448 563 560 
EEC(9) 445 469 628 
Argentina 169 176 118 
USA 348 250 144 
Asia 776 932 1,057 
Africa 131 242 222 
East Europe 164 179 193 
West Europe (non-EEC) 236 276 311 
Total 4,486 4,808 4,622 
SOURCE: USDA 
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the UK, Turkey, India and Iran producing over 200Kt, and the USA, 
Argentina, France, Greece ,Spain and South Africa each producing 
over lOOKt per annum. 
Countries show different levels of efficiency in their 
production, in terms of annual meat output per animal. The world 
average slaughter rate and carcase weight are 34% and lSkg 
TABLE 2.4 
Statistics on Production for Various Countries 
Country Av. carcase(~yight Slaughter Rate(2) Annual Production 
(kg) (% ) Per Sheep(3) 
1961-65 1978 1961-65 1973 1961-65 1978 
NZ 16 15 57.5 56.4 9.3 8.2 
Australia 18 18 20.7 22.2 3.7 3.9 
Argentina 18 16 18.4 24.1 3.2 3.8 
East Europe 9 13 61.4 55.2 5.5 7.0 
USA 22 24 54.2 46.2 11. 7 11.2 
Ireland 26 25 36.7 47.4 9.4 11. 8 
UK 20 20 47.6 60.0 9.6 11.8 
USSR 14 16 53.5 37.8 7.4 6.1 
Greece 8 11 75.2 88 •. 9 5.7 9. 5 
World Average 15 15 34.6 34.3 5.1 5.2 
(1) Source: FAO Production Yearbook. 
(2) Ratio of Slaughter: Sheepnumbers. USDA data. 
(3) S.M. production divided by number of sheep. USDA data. 
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respectively, but country variations around this are in the 
ranges 22% to 89%, and 8kg to 25kg. The variation across a sample 
of countries is illustrated in Table 2.4. The rate of slaughter 
tends to reflect the main usage of sheep (ie. for wool or meat 
production). A better measure of flock efficiency (which accounts 
for the variations in slaughter weight) is the volume of meat 
produced in proportion to the total number of sheep. Again, there 
is a wide variation, but as is shown in Table 2.4, average world 
production per sheep is stable at around 5.2kg per annum. 
These variations highlight the diversity of production systems 
--j throughout the world. In some countries sheepmeats are regarded 
as by-products of the sheep industry, greater emphasis being 
placed on wool, or milk production (eg. Italy, Greece, 
Australia). Consequently, the efficiency of sheepmeat production 
var~es widely between countries, with production patterns and 
systems tending to reflect traditional and environmental factors 
rather than relative returns. 
, , 
In most countries sheep farming is an extensive pastoral 
activity, and is often stratified, with primary breeding flocks 
located in hill and mountain regions, and fattening flocks in the 
lowlands. In other countr~es it is based more on the nomadic way 
~f life. A few countries have introduced highly intensive systems 
d-esigned on a 'feedlot' basis, with the flock kept indoors and 
f18t-tened on cereals. Such fattening uni ts are mos t common where 
grazing is poor (eg. Spain, Canada, the Middle East), or where 
cereals are plentiful (eg. the USA and USSR). Productivity in 
many developed countries has been raised considerably as a result 
of improved flock and pasture management, disease control, and 
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intensification of production systems. 
As a result of the pastoral dependance in most regions, sheepmeat 
production tends to be seasonal. Lambs are generally born in the 
spring, and lamb production is concentrated over the 
summer/autumn period. However, as seasons are opposite in the 
Northern and Southern hemispheres production is complementary. 
Mutton production is less seasonally concentrated. Its supply in 
the long run responds more to changes in prices of wool, lambs 
and sheep-milk, than changes in mutton prices. 
It would be impossible to assess the amount of each type of 
sheepmeat produced globally, as precise definitions vary, and 
usually no distinction is made in official data sources. 
Australian statistics show that about the same amount of both 
mutton and lamb are produced, whilst NZ and the UK produce mainly 
lamb. Other countries give no breakdown of statistics. 
There is a general shift in the commercially oriented producing 
countries away from mutton production, towards producing a higher 
grade lamb, in response to several factors (Jarvis, 1974). 
Firstly, the effective rate of discount facing farmers has 
increased, which reduces the age when the net present value of an 
animal is maximised. Secondly, the cost of feed has risen 
relative to sheepmeat prices; as younger animals convert pasture 
into meat more efficiently, a rise in relative feed prices tends 
to reduce the slaughter age. New breeds of sheep and better 
pasture management have also permitted higher growth conversion 
rates at younger ages, leading to earlier slaughter. The final 
and perhaps main factor, is the change in demand (see Section 
"::1 
-.',--- --~ . -->-! 
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2.3). Consumers now pay a premium for young lean sheep, whereas 
they used to prefer older, fat mutton. The change in demand is 
reflected in price levels, and acts as an incentive for lamb 
production. 
Other determinants of the output of sheepmeat can be divided into 
technological, economic, Governmental and socio-environmental 
factors. The technological factors are, for example, lambing 
rates, carcase weights, sheep breeds, pasture quality and 
climatic conditions. Economic factors consist of the underlying 
production cost structure for land, labour, capital and other 
inputs; and on the revenue side, the absolute and relative price 
level of sheepmeat, prices of substitutes and compliments, and 
producer expectations as to future levels of prices. Government 
policies may have a significant effect on production, either 
directly, as in the UK, where for example, prices are guaranteed, 
or indirectly, through such policies as input subsidies, or 
income support schemes. 
A number of socio-environmental factors play important roles in 
some countries. For instance, many small farms in Mediterranean 
countries traditionally keep a few sheep on poorer quality land, 
and in the Middle East, the grazing of flocks is intrinsic to the 
nomadic life-style. In many places the grazing lands are only 
suitable for sheep, because of their remoteness, or poor pasture 
quality, or local climatic conditions. On the demand side 
consumers often require a particular type of carcase, such as the 
fat-tailed sheep in Iran, or the Paschal lamb in the 
Mediterranean countries. The traditionalism tends to have 
outweighed changing economic factors in most regions, reSUlting 
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in the stability of world sheep numbers and production indicated 
above. Whilst this is true for most countries, others have shown 
distinct trends, which are outlined here briefly, and in greater 
detail in Chapter 4. 
In Oceania sheep numbers have been relatively stable. The fall in 
Australian numbers since 1960 has been offset by an overall 
increase in NZ. Relatively higher profitability of beef 
production, together with lower returns for fine wools were major 
factors in the decline in Australia; recurrent droughts were also 
an important contributing factor. Profitability, which depends 
largely on fine wool prices and the state of the domestic meat 
market, has therefore declined in recent years. 
In NZ a decrease in sheep numbers occurred in the early 1970's, 
as profits fell, beef production increased and there were several 
seasons of adverse weather. The decline ~V'as less severe than in 
Australia and recovery quicker, as the droughts were not as 
prolonged; coarse wool prices tended to increase; Government and 
Producer Board intervention helped support the market, and prices 
for lamb (NZ's main output) were generally more favourable than 
mutton prices. 
The EEC is another region where the industry overall has been 
"",/"-/',,,-, '", " ,- , 
fairly stable, though regional trends differ. The sheep industry 
'--..-/~~~--_/~,-~-~--------,,----,,--...- '''- ~-, ,,'- '-.- "-"-- ,-' '._- - " 
in the EEC has a somewhat different structure-from other 
~~ j.<~~:-(~ r'a:~-'e:n t"~r p r i s e s ,~ A I tho ugh the rea res a m e s e m i -
industrialised fattening units, sheep farming is essentially 
based on extensive grazing of mountain and hill area's and other 
less productive regions. The size and characteristics of 
- ... : 
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enterprises, which differ between regions, are determined 
primarily by social and environmental factors rather than market 
forces, and, as a consequence, the industry is not particularly 
responsive to short and medium term market changes. Even in the 
UK, where supply is more responsive to market forces, potential 
is limited by physical constraints on breeding capacity in upland 
regions. In more intensive lowland regions, sheep breeding, as 
distinct from fattening, is not sufficiently profitable to 
displace other enterprises. 
In the USSR, one of the world's largest producers, sheep numbers 
have increased only slightly;· the rate of expansion has been 
limited by climatic conditions and by the low priority given to 
sheep relative to other livestock enterprises. In other East 
European countries the same limitations are faced, though in 
Rumania, Hungary and Bulgaria, State encouragement is resulting 
in a steady expansion in sheepmeat production. The general policy 
in Comecon states is to expand meat output, but sheepmeat is 
given lower priority than other meats, and it is rare that actual 
production achieves the levels 'planned' by Governments anyway. 
In other major producing regions there has also been a decline. 
In North America both sheep numbers and production have been 
falling continuously since 1943. This decline is the result of 
re~uced breeding flocks in open range and mountain regions, where 
a combination of rising input costs, more profitable alternatives 
and heavy losses to predators have reduced the attraction of 
sheep farming. The growth in profitability of beef production 
restrains expansion of the sheep industry, though improved lamb 
prices at the end of the 1970's halted the long term decline. 
. ! 
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Similarly, in South America sheep numbers have declined 
dramatically, especially in the main producing countries, 
Argentina and Uruguay. The decline results from several factors, 
not least the political instability and economic uncertainty in 
the region. Alternative enterprises (cereals and beef) have 
received greater encouragement. Prices for wool - an important 
complement to meat production - have declined, and efficiency is 
.reduced by low animal health and veterinary standards in the 
region. The demand for exports (whic~ was formerly a strong 
stimulus to production) has been reduced as a result of the risks 
of contaminated meat. 
In Africa sheep numbers and production have tended to increase, 
except in South Africa, the major producing country, where both 
have declined slightly. The region is not a significant producer 
and has little external trade. However, great potential exists 
for increased output as both pasture and stock management are 
currently poor. 
In Asia sheep numbers have been increasing in mani countries, and 
especially in India, Pakistan and Turkey, due to the influence of 
rising sheepmeat prices. High priority has been given to the 
sheep industry in China by the Central Authority. Total output in 
the region is therefore expanding, despite frequent (but 
localised) periods of severe weather conditions •. 
Several countries in the Middle East, especially Iran, have 
expanded ouput and sheep numbers. Further expansion is restricted 
in the short term by institutional and structural factors, and in 
the long term by constraining physical factors, despite the 
~ ~ . .. .'. -;'. '. . : I 
-·-1 
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stimulus of growing domestic demand. 
In summary, this brief analysis shows that total sheepmeat output 
is stable, though there are regional trends. There are several 
constraints which slow expansion of the industry. Apart from the 
major physical problems of harsh climate and poor technology in 
the LDC's, there are structural and social factors in Europe, 
social and political factors in Africa and Eastern Europe and 
economic factors in the Americas and Oceania. 
More detailed analysis of production in the main trading regions 
follows in Chapter 4. 
2.3 Consumption. 
Sheepmeats are consumed in most countries to some degree, but the 
level of consumption varies widely. Consumption patterns and 
attitudes are strongly influenced by traditional factors; in the 
vast majority of countries sheepmeats are not a traditional 
source of protein, and consumption is sporadic, limited to 
festive occasions such as Easter or Christmas, whilst a few 
countries (eg. Australia, NZ), traditionally have high per'capita 
consumption levels. Overall consumption depends on both the level 
of per capita consumption and the size of the population. Trends 
and levels in total and per capita consumption in the main 
consuming countries are given in Tables 2.5 and 2.6. 
The main consuming countries are Russia, Turkey, Iran, India and 
the UK, with over 300Kt a year. Other important regions, in terms 
of total consumption are Australia, South Africa, France, Spain, 
USA, and Japan. In terms of per capita consumption though, only 
NZ and Australia consume more than 20kg; Greece, Uruguay and 
- .: .. : ." .. ~--
... 
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several of the Middle Eastern countries consume more than 10kg; 
Ireland, the UK, Bulgaria and Turkey around 7kg, with other 
countries consuming varying smaller amounts. 
In spite of an increasing trend in consumption of all meats 
together (from 25.5kg in 1960, to 35.5kg in 1980), total world 
sheepmeat consumption has tended to decline, due partly to lower 
TABLE 2.5 
Consumption of Sheepmeats in the Main Regions 
Country 1960 1970 1975 1980 
USSR 950 980 1,003 1,004 
Australia 462 482 343 338 
EEC(9) 860 821 817 842 
Iran 152 226 332 415* 
Japan 49 223 253 176 
Asia (other) 641 716 751 665 
Africa 129 241 221 223 
USA 419 303 197 159 
East Europe 148 178 162 162 
West Europe (non EEC) 255 327 335 330 
Other 475 600 484 303 
Total 4,540 5,097 4,898 4,622* 
* Fre1iminary 
SOURCE: USDA 
:-~'.':- . . -, - ~ -' , 
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levels of production in recent years. The decline in consumption 
has occurred in those countries with traditionally high per 
capita consumption. However, partly off-setting this is the 
increase in demand in countries where incomes are rising rapidly, 
TABLE 2.6 
Per Capita Consumption of Sheepmeats In 
Various Countries 
(kg) 
Country 1967-71 1975 1977 19S0 
Australia 40 22 lS 19 
NZ 40 37 30 32 
Greece 14 14 14 13 
Ireland 11 11 10 9 
UK 10 9 7 S 
Iran 7 9 13 11* 
Argentina 6 4 3 4 
USSR 4 4 4 4 
France 3 4 4 4 
Canada 3 2 1 O.S 
USA 2 1 1 0.7 
Japan 2 2 2 1 
Italy 1 1 2 1 
* Preliminary 
SOURCE: Compiled from Table 2.4 and U. N. Demographic 
Yearbooks. 
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and where sheepmeats are being established as a new, special item 
in the diet. 
Economic factors do have some effect on demand, via prices and 
incomes. Consumer reactions to changes in incomes and relative 
sheepmeat prices vary widely: income elasticities range from -0.5 
in Australia, to +0.5 in the UK, and own-price elasticities range 
from -0.57 in France, to -2.31 in the US (Greenfield, 1974) • 
. Sheepmeat is potentially a highly substitutable commodity. 
Competition is mainly from other meats (beef, pork and poultry 
meat) as well as from other protein sources, such as fish and 
eggs. Cross price elasticity estimates imply that in the past 
demand for sheepmeats has been mainly affected by beef prices 
(though not strongly), but that demand is becoming more 
responsive to relative price changes. 
In many places distinct trends are seen in the pattern of demand 
for mutton and for lamb. Mutton is often regarded as a source of 
cheap protein (eg. in Russia), or used for manufacturing sausages 
and pressed hams (eg. in Japan and South Korea). As a bulk, 
staple food it tends to have a low price elasticity, and a low or 
negative income elasticity (ie. it is an inferior good). 
Lamb on the other hand tends to be highly price and income 
elastic (similar to veal), and is considered a high quality, 
1 u xu r y it em. De a man d for 1 am b is inc rea sin g t h.e ref 0 r e, ins 0 m e 
countries whilst demand for mutton is declining. 
Consumption has declined recently in the countries with 
traditionally high levels of sheepmeat consumption (eg. 
Australia, NZ, Greece and the UK). Rising consumer purchasing 
--.-_-.'1 
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power in these countries tends to be reflected in a change from 
sheepmeats to beef and veal, which have more of a luxury appeal, 
and to pork and chicken whose relative prices have fallen 
considerably. Higher lamb prices and stable real incomes have 
constrained demand for lamb, and consumption of mutton as a table 
meat is declining in all these countries. Use of mutton for 
manufacturing is increasing somewhat, though its use is highly 
dependant on relative prices of alternatives, including synthetic 
substitutes. Another factor affecting the demand for sheepmeat as 
a staple has been the increased demand for fast-foods and meals 
eaten away from the home, which has benefited other meats more, 
since they are more readily prepared. 
Consumption in countries with low per capita demand for 
sheepmeats has shown a somewhat different picture. In regions 
such as North America where production has declined, consumption 
has also fallen. In others, (eg. Italy, Brazil) consumption has 
remained stable, and in a few (Japan, the Middle East, France) it 
has risen. Of these latter countries, where per capita 
consumption of all meats is high, most of the increased demand 
has been directed towards lamb, whereas in countries where meat 
consumption is low, increasing quantities of mutton are also 
being purchased. In the countries where sheepmeats are consumed 
as a regular part of the diet but at low levels, some expansion 
in consumption is occuring as incomes rise. Low incomes though 
prevent the people from attaining the levels of consumption 
experienced in traditional consuming countries. The trend is 
evident in East European countries, where Governments encourage 
greater consumption, and the Middle East, where increased oil-
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returns have raised the standard of living. These low consumption 
countries account for by far the larger proportion of the world's 
population, hence a small increase in per capita consumption has 
a significant effect on total demand. 
Further discussion of social and economic factors affecting 
demand can be found in Brabyn (1978) or Baron and Carpenter 
(1976) • 
. Patterns and trends in consumption in the main regions have been 
covered here; detailed analysis of the determinants of sheepmeat 
demand is deferred to Chapter 5. 
2.4 International Trade. 
2.4.1 General trends. 
International trade in sheepmeats is small: only about 10% of 
production (ie. 800Kt) enters world trade. Though this is a 
smaller volume than for other red meats, as a proportion of 
production it is much larger. 
In the past trade patterns have been determined by the 
seasonality of production, since the peak of production occurs at 
opposite times of the year in the Northern and Southern 
Hemispheres. Extensive pastoral lands and low populations in NZ, 
Australia and Argentina permit production of large excess 
'supplies. Most of this is shipped to the more heavily populated 
and industrialised Northern hemisphere. 
NZ and the UK have always dominated trade, with over 70% of total 
sheepmeat trade taking place between them during the 1960's 
(Figure 2.1). Under the Bulk Purchase agreement, the UK took 
.-..... 
I 
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Argentina 
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FIGURE 2.1 
Major Sheeprneat Trade Flows: 1960 
FIGURE 2.2 
Major Sheeprneat Trade Flows: 1980 
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everything that NZ and Australia could produce. Trade patterns 
have changed somewhat since then: total trade has increased 65% 
from 1960-80; NZ and Australia still dominate trade on the export 
side (Table 2.7), but many more countries now import large 
quantities of sheepmeats (Table 2.8, Figure 2.2). Within the 
overall trade distinct flows take place for mutton and lamb. 
Also, carcase meat trade has grown at the expense of trade in 
live animals, as handling facilities have improved. Most 
sheepmeat entering international trade is frozen, and, as such 
tends to obtain lower prices than the fresh product. Frozen 
mutton does not face the same problem, as its main end use is in 
manufacturing, or as cheap bulk protein anyway. 
The main import and export patterns are outlined here briefly; 
greater detail cari be found elsewhere (Blyth, 1981b; Brabyn, 
1978; NZMPB, 1977). Though some countries, such as South Africa, 
In d i a , P a k i s tan and Ch ina are imp 0 r tan t pro d u c e r san d con sum e r s 
of sheepmeat, they have little involvement in world trade and are 
therefore not discussed specifically. Some of the less important 
trading countries are also covered briefly, since they afford 
potential markets or competition to exporters. 
2.4.2 Importers. 
The EEC, in particular the UK, is the world's largest importer of 
sheepmeat, but quantities imported by the UK have declined 
considerably. EEC(9) imports were 293Kt in 1980. Frozen lamb 
imports still account for about half the UK lamb consumption, but 
mutton imports have become negligible. France is an important 
sheepmeat importer, with most of the imports being fresh or 
TABLE 2.7 
Exports of Sheepmeat 
(Kt) 
country 1960 1970 1975 1980 
Australia 126 272 194 247 
NZ 345 438 402 450 
Argentina 40 43 27 18 
UK o 10 33 37 
Other 27 58 80 114 
World 538 831 736 866 
TABLE 2.8 
Imports of Sheepmeat 
(Kt) 
Country 1960 1970 1975 1980 
UK 375 338 247 191 
Other EEC(9) 10 50 96 102 
Japan 45 222 261 157 
<I Iran 0 15 38 65 
, 
USSR 0 28 77 160 
North America 61 92 33 29 
Other 65 68 32 162 
World 538 813 784 866 
SOURCE: USDA 
_,_",1 
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chilled lamb, and being supplied mainly by EEC countries. Other 
EEC states, such as Italy and West Germany provide gradually 
expanding import markets. 
The second major sheepmeat importer is Japan, taking mostly 
mutton which is used in processed meat products. Japan's import 
demand has been highly irregular in 
reaching high levels during the 1970's 
the past few years. After 
(at over 260Kt per annum) 
,the trade stagnated in 1979 and 1980 as a result of Exchange Rate 
fluctuations and competition from cheap pork. Japan also imports 
small quantities of frozen lamb, but because of consumer 
prejudices against sheepmeat, lamb consumption is insignificant. 
During the 1970's several new sheepmeat importers have emerged. 
The USSR has become an important but unpredictable importer of 
frozen mutton. The entrance of the USSR into the mutton trade has 
reduced the dominance of Japan and, as a consequence, world 
mutton prices have risen significantly. However, the greatest and 
most sustained growth in sheepmeat imports has occurred in the 
Middle East, where several countries have become major importers 
since the rise in world oil prices. Initial imports involved 
substantial quantities of mutton and live sheep, but more 
recently demand has shifted to lamb. The major market in the 
region is Iran, since it has the largest population; Iraq, Kuwait 
and Saudi Arabia provide small, but expanding markets. Before the 
advent of oil wealth Rumania, Turkey, Somalia and the Sudan were 
the main suppliers of imported animals, but despite their 
proximity to th~ main markets they have been unable to withstand 
competition from Oceania, or keep up with growing demand. 
However, political instability in the region raises questions as 
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to the security and long term reliability of the market. 
South Korea has also emerged recently as an important sheepmeat 
importer. However, a large proportion of their sheepmeat 
purchases are mutton carcases for boning, processing and for re-
exporting to Japan; little is consumed domestically. 
Many other countries import minor quantities of sheepmeat on a 
regular basis, in some cases to meet a highly specialized or 
local demand (eg. Canada, the US and Greece). They account for 
only a small volume of total trade, but some offer potential for 
development by exporters. Larger potential markets are being 
I ! de vel 0 p e din reg ion s wit h big pop u I at ion s , s u c has Nor t h Af ric a, 
Chile, Peru, and Mexico, where the people have a preference for 
sheep meat, but low per capita incomes prevent them from 
purchasing significant quantities. Smaller but more stable 
markets are being developed amongst the relatively wealthy 
countries where production is limited, such as Hong Kong, 
Singapore, and many of the Pacific and Caribbean Islands. 
2.4.3 Exporters. 
The major sheepmeat exporters are NZ and Australia. Competition 
in sheepmeat between the two has in the past been limited, since 
each specialised in different products and tended to service 
different markets (NZMPB, 1977). There is· increasing competition 
'-=,:.-:',-: though, especially in the Middle East, as exports from both 
countries have grown and traditional markets have declined. 
NZ's total sheepmeat exports (Table 2.9) have expanded rapidly, 
especially in the late 1970's, to 450Kt in 1980. NZ's major 
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TABLE 2.9 
NZ Sheepmeat Exports 
(Year ended Sept. 30: Tonnes Shipping Weight) 
country 1960 1970 1975 1980 
LAMB 
UK 257,900 286,879 223,853 180,661 
Other EEC 813 5,321 8,344 12,811 
US 3,000 10,713 8,184 11,862 
Canada 4,900 2,314 8,214 9,976 
Japan 97 5,796 5,579 12,666 
Iran 3,343 64,632 
Iraq 8,465 11,665 
Other Middle East 5,863 8,951 
Greece 300 8,870 5,877 4,664 
Others 1,690 10,085 17,673 32,314 
Total 268,700 329,978 295,395 350,202 
! 
MUTTON 
Japan 22,800 64,719 46,409 14,361 
South Korea 12 13,171 7,092 
USSR 7,238 30,836 61,877 
UK 45,471 20,064 5,048 3,668 
, ~-: J 
Others 8,828 9,190 11,740 12,971 
Total 77,100 101,223 107,204 99,969 
SOURCE: NZMPB Annual Reports 
.- .<-::~«.~':'-':·~·_·.I 
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sheepmeat export is lamb, with the UK being the major importer. 
The proportion of NZ lamb exported to the UK has declined from 
over 90% in the early 1960's to 52% in 1980, partly as a result 
of NZ's Diversification Scheme, and partly due to changing mark2t 
forces. Other EEC states take small but increasing quantities, 
and provide lucrative alternatives for NZ's VRA quota. Other 
markets for NZ lamb are the US, Canada, Greece, Japan, and the 
Middle East countries. All of these, and several other small 
markets (such as Peru, Chile, and Hong Kong) have taken steadily 
increasing shipments of lamb from NZ, but the greatest growth has 
occurred in Iran and Iraq. The revolution in Iran in 1979-80, and 
the hostilities between Iran and Iraq served to strengthen the 
trade, but the market remains a high risk area, and has proved 
relatively unstable. 
NZ also exports considerable quantities of mutton to Japan, 
though the market stagnated during the late 1970's; and more 
recently, large but varying amounts were sold to the USSR. Mutton 
sales to the UK have declined, but it remains a significant 
market. 
Total Australian exports have doubled over the period 1960-80, 
and were 247Kt in 1980. Australia's major sheepmeat export is 
mutton, and the most important trade link is with Japan. The US, 
Canada and the UK have declined in importance, but i~ recent 
years the Middle East countries, and occasionally the USSR have 
t a ken s i g n i f i can t qua n tit i e s 0 f Au s t r ali a n m u t ton ( Tab 1 e 2.1 0) • 
Australia also exports substantial amounts of lamb to the Middle 
East, in particular to Iran. In the past, Australia has exported 
Lamb to the other main markets, but this trade has declined as 
.. 
',',-.", 
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TABLE 2.10 
Australian Sheepmeat Exports 
(Year ended Sept. 30: Tonnes Shipping Weight) 
country 1960 1970 1975 
LAMB 
UK 19,200 16,593 3,747 
US 2,300 9,878 2,361 
Canada 2,500 11,176 1,736 
Iran 2 9,853 
Jordan 701 
Other Middle East 324 2,984 2,984 
Other 2,800 2,945 2,416 
Total 26,900 40,918 23,798 
MUTTON 
USSR 5,081 
Japan 1,000 43,900 48,953 
USA 14,800 23,158 187 
Canada 1,600 28,670 8,108 
Greece 1,300 5,370 2,728 
Iran 7,886 3,080 
Other Middle East 200 3,156 4,530 
Other 13,900 7,434 11,913 
Total 32,500 135,393 85,864 
SOURCE: Australian Meat Board 
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1980 
1,379 
2,678 
769 
19,474 
31 
17,485 
6,231 
48,047 
36,110 
41;028 
345 
1,846 
7,352 
26,965 
23,922 
137,568 
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the Middle East markets have emerged, facilitated by Australia's 
proximity to these new markets. 
Australia is the world's major exporter of live sheep, though in 
1960 only 200,000 head were exported, mainly to Singapore. By 
1980 trade had grown rapidly, and over 5 million sheep were sold 
to the Middle East. This is equivalent to some 120Kt of 
sheepmeat. 
,Despite the decline in sheep farming in Argentina, it is the 
Southern hemisphere's other main exporter, and the world's fourth 
only 18Kt in 1980 (Table 2.11). Most of the meat exported is 
mutton, which currently finds less favour in the main markets 
than high quality lamb. The distribution of Argentina's exports 
has changed markedly. The EEC has become the main importer and 
West Germany takes over 50% of Argentina's sheepmeat exports. 
Spain and Greece were formerly important markets, but quantities 
sold to these countries have declined in recent years due to 
shortage of supply. The Middle East has not emerged as an 
important market for Argentina, and exports to some countries 
have actually declined as a result of endemic ,foot and mouth. 
Trade flows in the Northern hemisphere are dominated by intra-EEC 
trade; unlike trade with non-member countries, this trade is 
developing, and was around 78Kt in 1980. Although the UK is a 
substantial net importer of sheepmeats, it sends some chilled 
lamb to France, and smaller quantities to other EEC states 
;-.:- I 
country 
West Germany 
Belgium 
France 
Netherlands 
Italy 
TABLE 2.11 
Argentine Sheepmeat Exports 
(Tonnes Shipping Weight) 
1970 
1,847 
1,637 
3,418 
538 
1,140 
1975 
8,878 
367 
2,452 
114 
1,517 
1977 
12,521 
63 
1,165 
501 
983 
1980 
5,517 
9 
156 
179 
142 
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Total EEC 8,580 13,328 15,233 6,003 (4) 
Greece 
Other Europe(l) 
Middle East(2) 
Africa(3) 
Peru 
Other 
Total 
(1) Switzerland, Spain. 
13,250 
1,442 
5,556 
5,061 
1,206 
35,095 
3,653 
1,004 
1,348 
259 
1,399 
128 
21,119 
4,081 
1,938 
3,450 
563 
1,983 
1,201 
28,449 
44 
36 
2,125 
1,289 
661 
93"6 
11,094 
_(2) Saudi Arabia, Israel, Jordan, Libya, Kuwait, Syria. 
(3) Morrocco, Ivory Coast, Tunisia. 
(4) VRA allowance for 1980/81 of 23,000t. 
SOURCE: "Sintesis Estadistica", Ministeriode Economia. 
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(ar ound 40Kt into tal). The Ne the r lan ds and Ire land are bo t h ne t 
exporters to France and to other EEC countries, though trade from 
Ireland has declined considerably. Since 1975 sizeable exports to 
France have also been made by West Germany of both their domestic 
production and of re-exports from East European countries. Other 
trade within the EEC is increasing, due partly to the price 
differentials between states, and partly to the requirements for 
different qualities of meat. 
Several East European countries export sheepmeat and live sheep, 
bot h too the r ' Com e con me m b e r s , and tot her est 0 f the w 0 r 1 d. Th e 
main importer is the EEC (particularly West Germany and Belgium); 
a large and growing proportion of the live sheep are exported for 
slaughter to the Middle East and North Africa. Total sheepmeat 
exports from the region were 27Kt in 1980. 
Other exporters enter the market in a minor way; Chile and 
Uruguay both trade in mutton, and whilst the latter was a large 
exporter trade has fallen to 4Kt, whereas Chile has expanded 
exports to a similar volume. 
Turkey and India have small exports of 5Kt each, and MO'ngolia 
sends over 20Kt a year to other Comecon states. 
,~ I ' 
I 
/ 
w 2.5 Restrictions to free trade. 
i 
I International trade in sheepmeats has been less subject to trade 
barriers than other livestock products, such as beef and dairy 
exports. This is possibly because of the localized patterns of 
production and consumption, and the resulting concentration of 
trade flows. The complementarity of production between the 
Southern and the Northern hemispheres makes it advantageous for 
:-:1 
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these regions to trade. In few countries does trade represent 
more than a small proportion of the domestic market, and it is 
noticeable that in regions where trade is important, barriers to 
trade are highes t. 
The EEC, the major sheepmeat importer, imposed a Common External 
Tariff (CET) at the rate of 20% on sheepmeat and at 15% on live 
she~p for slaughter up to 1980. In accordance with the Treaty of 
'''-... , 
Rome, the EEC introduced a Common Sheepmeat Regime in October 
1980. The regulation provides for free trade in sheepmeat between 
member states, with the objective of harmonizing prices, over a 
transition period, by 1984. It is based on a system of market 
support through Intervention Buying and Deficiency Payments, with 
protection from imports through a CET of 10%, and VRA's with 
~~exportersf 
'-
Full details of the Regime and an analysis of the implications 
for third countries can be found in Blyth (1980), MLC (1981) and 
Volans (1981). 
Other European countries impose restrictive levies on imports 
(eg. Sweden); others apply quantitative restrictions (eg. 
Switzerland) or require import licences to be issued by a Central 
Authority. The licences mayor may not be freely available, 
depending on the state of the market in the particular country. 
In the USA a small 'Countervailing Duty' is applied to sheepmeat 
imports, and a global import quota theoretically restricts all 
meat trade, with a base limit for each country (in practice this 
'voluntary' restriction has not been implemented for sheepmeat). 
The Middle East markets are mostly duty-free, but Iran and Iraq 
:;;1 
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and several of the smaller states operate systems of controlled 
state purchasing (see NZMPB, 1977, for details). 
In several other countries such as Spain, Portugal and Syria, the 
Central Authorities periodically let tenders for specific 
quantities of sheepmeat. Japan gives virtually unrestricted 
access for sheepmeat; Comecon states also apply no direct tariff 
on imports, though access is controlled by the system of state 
purchasing. 
Other restrictions on sheepmeat trade are in the form of non-
tariff barriers, such as import licensing as discussed above, and 
restrictive health regulations, such as the EEC 'Third Country 
Veterinary Directive', and the US 'Wholesome Meat Act'. 
On the export side there are few direct distortions to trade. The 
main one has been NZ's Export Diversification Scheme, intended to 
reduce dependance on the UK market (for details see Veeman, 
1972). 
Few Governments have found it necessary to subsidise exports, but 
in several countries indi~ect subsidies are paid on production or 
sheep farmers' incomes, or tax incentives are granted on exports. 
Only in Comecon countries do the Governments have total control 
of both the quantities and the terms of export transactions. Most 
other countries have Producer Boards which regulate exports to 
varying degrees. 
Formal multi-national agreements on sheepmeat trade are virtually 
non-existant, unlike many other primary commodities which come 
under International Commodity Agreements. Of course, under the 
General Agreement on Tariffs and Trade (GATT), importing 
countries can only impose or increase quantitative restrictions 
-.:::---_: .. ,-, 
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in exceptional circumstances, and then they must accord 'most 
favoured nation' status to all traders. (The EEC is bound by 
special arrangement under GATT, allowing it to impose the CET on 
sheepmeat imports). GATT has no control over restrictions imposed 
on the grounds of hygiene. 
In their quest for long term, stable markets many countries have 
formed bilateral arrangements. Often the agreements are aimed at 
ensuring that imports are marketed in such a way as to complement 
rather than compete with local production. An example is the Lamb 
Promotion Coordination Committee established in the USA between 
producers there and in NZ and Australia. Also, in France, a 
partnership between French and NZ producers (FRANZIM) acts as the 
sole agent for NZ lamb and mutton imported into France under a 
global quota system. 
Other major impediments to free trade are the preferential 
trading agreements made within trading blocs, especially the EEC 
and Comecon. The effect of trade restrictions on prices has been 
greater stability for those traders who have negotiated trade 
agreements. For those who trade on the residual 'world' market 
prices are more volatile, though not to the extent of other 
commodity markets (OECD, 1979). 
In general though, there are few barriers to trade in the 
sheepmeat market. This lack of distortion is an. important factor 
in the assumptions behind the competitive equilibrium model 
developed in the following chapters. The descriptive background 
in this chapter provides the basis for that model. 
·1 
I 
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CHAPTER 3 
TH E HOD EL. 
3.1 International trade models. 
In this and the following chapters a theoretical model of the 
world sheepmeat trade is developed based on the descriptive 
analysis in the preceding chapter. The formulation, estimation 
and use of such a model is intended to improve the understanding 
of structural aspects of the market. It is also intended to 
permit the analysis, in later chapters, of not only the direct 
impact of an exogenous shock in the country in which it 
originates, but also the secondary impacts of this shock 
throughout the world market. 
Firstly, the existing methodologies for the empirical analysis of 
internationally traded agricultural commodites are surveyed. 
General types of co~modity model such as process models 
industrial dynamics models and systems models have been discussed 
elsewhere (eg. Labys, 1973; and Naylor, 1971). The focus in this 
study is on those models which account for multi-region trade in 
a single commodity. 
There are two classes of model which are appropriate for 
describing global trade in a particular product. These are Tride 
Flow models, which explicitly recognise the spatial pattern of 
prices associated with transfer costs, and Equilibrium 
Econometric models, which abstract from the regional pattern of 
prices. The models also differ in the mathematical procedure used 
to solve them. Each uses similar empirical estimates, but the 
solution procedure imposes different sets of restrictions on the 
behaviour of the variables in the model. These differences affect 
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the uses and applications of the model. Hore extensive reviews 
and assessments of commodity trade models have recently been 
compiled by several authors (Labys, 1973; Ryan, 1979; Sarris, 
1979; Schmitz, 1979; Thompson, 1980) in response to the 
burgeoning number of models being constructed. 
The two types are considered briefly for their relevance in this 
context, the limitations of each are pointed out, and the factors 
stated which determined the choice of model specified for the 
sheepmeat market. The choice depended on the relative ability of 
each approach to contribute to the objectives defined in Chapter 
1. 
Trade flow models (which include spatial equilibrium and market 
share models) attempt to account for the pattern of trade between 
countries, based on a system of supply and demand equations for 
each region. 
The most commonly used class of trade model is the spatial price 
equilibrium model based on mathematical programming. An 
appropriate definition can be found in Takayama and Judge (1971). 
Such models also have a system of import and export equations but 
trade flows are determined by using an objective function which, 
for example, minimizes transfer costs between regions. Similarly 
the spatial equilibrium problem can be transformed into an 
e qui val en.t m a x i m is a t ion pro b I em, w her e the. 0 b j e c t i v e fun c t ion 
maximises welfare (Takayama and Judge, op.cit). Solutions are 
obtained using linear or quadratic programming algorithms. The 
solutions have the advantage that they assign optimum trade 
flows, as well as determining equilibrium quantities, and allow 
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explicit inclusion of quantitative restrictions in the model. 
Deficiencies of spatial equilibrium models are pointed out by 
Thompson (1980) and Sarris (1979). These relate to the 
failure to incorporate substitution effects, or to replicate all 
the observed trade flo\vs, and the sensitivity of the results to 
changes in exogenous variables, such as transport costs, or to 
changes in the slopes of the supply and demand curves. Reasons 
why actual trade flows often differ from predicted flows include 
the fact that the product may not be perfectly homogeneous, that 
importers are not indifferent to source of supply, that 
pro d u c t ion sea son s are six man t h sou t 0 f -p has e in the Nor the r n 
and Southern hemispheres, and exporters Qay diversify trade among 
several purchasers to reduce market concentration and spread 
risk. From the discussion in Chapter 2 on the characteristics of 
the sheepmeat trade, the seasonal nature of the mutton and lamb 
trade, the traditionality of the NZ-UK trade, and NZ moves to 
diversify exports, it is unlikely that actual trade flows "ould 
be replicated using the spatial equilibrium approach. Horeover 
there is little reliable data available on transport costs, which 
is necessary for the construction of such models. 
Because of the deficiencies of the spatial equilibrium models a 
number of 'flow' or 'market share' models of trade have been 
developed. These attempt to explain variations in the individual 
trade flows more adequately than the previous method. The main 
forms of flow model are outlined by Taplin (1967) and Sarris 
(1979); they generally have a system of import and export 
equations and a trade flow matrix, which together explain the 
effects of changes in the individual market on trade between 
.. ~ 
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regions. 
Implicit in the models is the assumption that the commodity 
aggregates are not perfectly homogeneous, but are differentiated 
by various characteristics such as physical qualities, seasonal 
availability and traditionality of supply. 
Approaches to accounting for trade flow matrices include; (1) 
Constant Market Share (CMS) models, in which the level of exports 
,in any year other than the base year is compared to what the 
level would have been had the country maintained its market 
share. The trade shares are then examined in the light of price 
and income changes and other factors, (2) Transitition matrices, 
which transform the trade matrix of one period into that of the 
next, (3) Markov models, or (4) Probabilistic models, both of 
which use time-invariant transition probabilities to calculate a 
set of expected data from the assumption of complete indifference 
among traders. Positive or negative differences between these 
base values and the actual amounts of the transactions are 
measured. 
These approaches form a category of market share models known as 
'transmissions' models, which involve purely mechanical 
techniques to decompose past changes in the observed trade flows. 
Another category of market share model includes 'structure of 
trade' models, which use econometric equations to explain the 
individual elements of the trade flow matrix. 
Although these studies have advanced the art of modeling trade 
flows and commodity markets (Sarris, 1979), basic difficulties 
remain which discourage this type of model being developed here. 
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For example, the CNS approach forecasts future trade shares as 
equal to past ones, or future changes in trade shares as equal to 
previous changes. This would obviously not be so in the case of 
the sheepmeat I!1.arket where trade shares fluctuate fron year to 
year, and where several completely new markets have recently 
developed. While the Markov models are an improvement on eMS 
models, there are still difficulties in estimating the 
coefficients of the trade share matrix. Models of this type 
require data on trade between each region; trade matrices are 
available from the U.N.(Trade Yearbook), but only for SITC class 
011 (all meat) and not for SITC class 011.2 (sheepmeat, only). To 
reconcile the fragmentary national sources of statistics on 
trade into a flow matrix is beyond the scope of this study. 
Moreover, given the objectives of the study, it is only necessary 
to analyse aggregate, not individual trade flows. Related to the 
issue of objective achievement, these models do not permit the 
analysis of the type of policies dealt with in Chapter 8, because 
of their failure to incorporate price-quantity adjustments. 
Finally, the theoretical foundation for many trade flow model 
specifications is relatively undeveloped and insufficient 
applications have been made to test their validity. 
The other type of model commonly used is the non-spatial price 
equilibrium model which abstracts from the regional pattern of 
prices and transport costs and operates with a global market-
clearing price, or links all regional prices in the model to the 
price in one region. (See Labys, 1973, for a taxonomy of such 
models). Solutions are obtained using matrix inversion, or a 
Gauss-Seidel routine, through the equilibrium of a set of supply 
/ 
~/ 
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and demand equations, yielding a world market clearing price and 
the net trade of each region trading in the world market. The 
models deal with commodity markets in varying degrees of detail, 
from the broad-brush approach of Adams and Behrman (1976) in 
their 'mini-models', to highly specialised, intricate models, 
such as Fisher's (1972) copper model. 
In Table 3.1 a matrix is presented which relates some economic 
.and policy questions to relevant empirical methodologies for 
dealing with them. It can be seen from the table that there are 
several techniques that can be used to answer each group of 
questions, but that no one method is appropriate for everything. 
Since the aim of this study is to provide both a descriptive and 
efficient analytic model which explicitly accounts for the price 
determining mechanism as well as allowing the impact of trade 
restrictions to be determined and forecasts to be made, the non-
spatial, price equilibrium model appeared to be the most 
appropriate. Moreover, due to practical constraints, such as data 
availability, it was decided to explore whether a relatively 
simple model lying somewhere between the two extremes of the 
'mini-models' and the more detailed structures could capture the 
major features of the international sheepmeat market. 
Consequently the model is organised around a basic specification 
which is standardised across regions, .with appropriate 
modifications to account for specific national features where 
necessary. 
In the remainder of this chapter the theoretical model and the 
assumptions behind it are outlined. The price mechanism is 
,. 
,. 
::: 
TABLE 3.1 
The Relevance of the Various Empirical Trade Models to 
Price Formation 
World Price 
Forecasting 
Trade Pattern 
Impact of Trade 
Restrictions 
Commodity Agree-
ments 
Cost and Benefits 
to Trading 
Countries 
Some Policy Questions* 
Nonspatial 
Price Equilib-
rium Models 
x 
x 
x 
x 
x 
Spatial Price 
Equilibrium 
Models 
x 
x 
x 
x 
x 
Market Share Models 
Transmissions 
Models 
x 
Structure of 
Trade Models 
x 
x 
x 
* The symbol "X" means that the models are appropriate or have been used to deal 
with the problem. 
SOURCE: Adapted from Sarris, 1979. 
,j:>. 
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discussed, together with the price data used in the study, and in 
the final section the technique used for estimating the equations 
is covered. 
3.2 A theoretical model. 
A non-spatial price equilibrium model of an internationally 
traded commodity would normally consist of the following parts: 
(i) Models of domestic demand in every consuming country. 
(i i) Models of domestic supply in every producing country. 
(iii) Models of inventory accumulation in the producing and 
consuming countries. 
(iv) Models of imports or exports in each trading country. 
(iv) A market-clearing and solution mechanism for international 
prices. 
The system is distinguished from a model of the same commodity in 
a national market because the international trade forms a closed 
system. The international market clearing mechanism imposes 
conditions on the national models, which then determine the 
endogenous national variables (Sarris, 1979). 
The system can be represented by a set of equations of the 
general form; 
(3.1) Di = f(Pi, PRi, Yi, ZDi) 
( 3 • 2 ) Qi = g(Pi, PSi, ZHi) 
( 3 • 3) Qi 
-
Di= Xi 
(3.4) E Xi = 0 
Where D Quantity demanded within one period 
Q = Quantity produced within one period 
P = Commodity price 
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PS and PR = Vectors of prices of substitutes 
Y Income 
X Net trade 
i = region (i = I. •. n) 
and ZD, ZH = other explanatory variables. 
Figure 3.1 portrays a flow diagram of the model format. 
In the above set of equations there are no inventory 
.relationships specified, since world sheepmeat stocks are 
Ninimal. Various other issues need to be covered in order for the 
system to be estimated. The following sections deal with the way 
in which the estimating equations in Section 3.7 are derived from 
the theoretical model above. 
3.3 Deriving an estimating form from the theoretical model. 
3.3.1 Commodity specification. 
In a study such as this, concentrating specifically on one 
commodity, it is necessary to deal with that commodity in a 
partial equilibrium framework. Behind the partial analysis lies 
the assumption of separability where all prices, other than that 
of sheepmeat, are taken as exogenous. In reality if the price of 
one commodity changes then the prices of substitutes are likely 
to change as well. Elasticities of total demand and supply 
response (Buse, 1958) incorporate these interreJ-ationships among 
commodities. The ceteris paribus demand and supply curves are 
more elastic than the total response curves, so the partial 
elasticities provide an upper bound to the true response. 
It is clear from the discussion in Chapter 2 that the commodity 
Flow-Diagram of the World Sheepmeat Model 
o = Demand 
S = Supply 
P = World Price in Real National Currency 
A,B = Exogenous Variables 
Sl 
X,M = Exports, Imports 
S3 
D2 
DS AS 
A2 B2-7 
DS-71 Ss 
S2 
lTI 
tv 
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'sheepmeat' is far from a homogeneous one, with trade of various 
countries differing not only in composition (ie. mutton and lamb 
flows), but also in seasonality. Production and consumption 
patterns for each are deter@ined by somewhat different processes 
therefore. For example, separate demand functions for mutton and 
lamb in Australia were estimated (Gruen, 1967; Hain, 1976). They 
showed a decline in mutton, but an increase in lamb consumption 
.over time, and that demand for mutton was less elastic with 
respect to both income and sheepmeat prices than lamb. 
In such models separate equations of the following form are 
specified; 
(3.Sa) PCm = f (Pm, PI, Z) 
(3.Sb) PCl g (P 1, Pm, H) 
where PCm and PCI are per capita demand for mutton and lamb 
respectively, PI and Pm are lamb and mutton prices, and Z and H 
represent other factors affecting demand. Similar specifications 
can be made for production of mutton and lamb (Reynolds and 
Gardiner, 1980; Laing, 1982) which also account for the timing of 
substitution between animal categories. 
At this stage this level of disaggregation is not feasible on an 
international scale, so a single function for mutton and lamb is 
derive~ which can be ~stimated. To derive the demand function for 
'sheepmeat' Equations 3.Sa and 3.Sb are summed 
(3.Sc) PC ( 1 +m) = f (P m, PI, Z) + g ( PI, Pm, H) 
Let tin g ( 1 +m ) = s, the n , 
(3.Sd) PCs = f'(Pm, PI, Z, H) 
Differentiating this gives; 
(3.Se) at ~ dPl (lg (lg 
dPes = (lPrn' dPro + (lpt + (lpro .dPrn + (lPl· dP1 
to "'ive' ..:; ,
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and dividing throughout by dPl; 
af ag dPm ag 
--- + --- --- + ---
aPl aPm"dPl aPl (3.5f) 
dPCs 
--- = dPl 
af dPm 
--- --- + 
aPm • dPl 
By making the assumption that the prices of mutton and lamb are 
related; 
( 3 • 6a) 
then; 
(3.6b) 
Thus, 
(3.6c) 
Pm 
dPm 
dPl 
h(Pl) 
h where h>O. 
dPCs = ~ h + ~ + ag h ag 
dPl aPm· aPl aPm· + aPl 
The coefficient of Pl is comprised of both the cross- and direct-
,.' I P ric e e f f e c t s 0 f c han g e sin 1 a m b p ric e s. The c r 0 s s - p ric e e f f e c t 
on m u t ton de rn and (af lap 1) co u 1 d bee x p e c ted to be po sit i v e, but 
is likely to be outweighed by the direct effect on lamb demand 
( ag/aPl). Hence the coefficient will still be . * negatl.ve. The 
negative term will be supported by the (expected negative) own 
price response of mutton demand [(af/aPm).h). Partially off-
setting this effect is the positive cross price response of lamb 
demand with respect to mutton prices [(ag/aPm).h), but both 
responses will be reduced by the size of the coefficient 'h'. 
By substitution of Equation 3.6a into 3.5d; 
(3.7a) PCs = f'(h(Pl), PI, Z, H) 
which can be simplified to Equation 3.7b; 
(3.7b) PCs = f"(Pl, Z, H) 
* Own price elasticities of -1.55 and -1.89 for lamb were 
estimated by Gruen (1967) and Main (1976) respectively. They also 
estimated elasticities of demand for mutton with respect to lamb 
prices of +0.24 and +0.48. 
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Equation 3.7b is an aggregate demand function for mutton plus 
lamb, derived from the true separate relationships. An equivalent 
aggregate supply function can be derived, 
production is a function of lamb prices. 
~-l her e she e p mea t 
The assumption of a relationship between mutton and lamb prices 
presents no problem. Although their prices differ by a margin to 
account for quality differences, and mutton prices tend to be 
.less stable than lamb prices (OEeD, 1979) the prices appear to be 
linked (Figures 3.2 and 3.3). This is confirmed by the estimated 
forms of Equation 3.6a for Australia and NZ (reported in Appendix 
3) and the correlation coefficients of 0.83 and 0.63 
respectively. 
Moreover, the two products are highly substitutable at the 
consumer level, and differences in "market prices are constrained 
by the high cross price elasticities of consumer demand between 
cat ego r i e s " • Th is" 1 i mit s reI a t i v e p ric e va ria t ion • • • ( and) 
allows the use of a single price as the price variable for all 
types of (sheep meat) in an econometric model, without great loss 
of accuracy. This is helpful because it is difficult to identify 
the consumer demand for each type of animal" (Jarvis, 1974). 
No explicit attempt is made to explain trade in live sheep, 
though a growing proportion of exports is sold in carcase form 
rather than as live animals. This accounts for some of the 
apparent increase in the total volume of sheepmeat traded, and is 
incorporated implicitly on a carca~e weight basis. 
56 
US$/t 
1500 
1250 
1000 
750 
500 
250 
FIGURE 3.2. 
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FIGURE 3.3. 
Australian Wholesale Price for Mutton and Lamb 
Mutton 
O~ __________________________ ~ __ ~ ______ -. __ ~ 
19602 4 6 8 1970 2 4 6 8 1980 
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3.3.2 Temporal aggregation. 
It is necessary to estimate the model on an annual basis because 
of data availability. Th i s per mit s the e x ami nat ion 0 f the 
important supply, demand and trade relationships which are 
essentially of a long-run nature. By looking at annual data 
shorter-run movements in the market are effectively filtered out, 
such as seasonal variation in production and consumption and 
other factors such as strikes and wars. Ho~vever, production of 
sheepmeat is mainly an annual process, for ewes lamb once a year, 
and although slaughter can take place throughout the year or be 
spread between years, in most countries it follows a regular 
annual pattern. Thus for many producing countries there often 
exists only annual data on supply. Similarly, by developing an 
'annual' model consumption can be analysed for many countries for 
which no monthly or quarterly data "exists. The markets of these 
countries can then be included as endogenous sectors of the world 
model. 
3.3.3 Regional aggregation. 
The study covers production and consumption of sheepmeat in the 
m a in t r a din g c 0 un t r i e s. Th e sea reA us t r ali a, N Z, A r g e n tin a, the 
EEC(lO), the USA, Canada, Japan, Iran, East Europe and the USSR. 
The remainder of the trading countries have to be aggregated 
together as two 'Rest-of-World' import and export sectors, since 
trade is often irregular or consists of sales of less than lKt. 
As the main concern is 'trade', countries which may be important 
in terms of production or consumption but do not trade to any 
extent (China, India, and South Africa, for example) are not 
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included explicitly. 
In 1980 the trading countries covered accounted for about 72% of 
the world's sheepmeat production and consumption anyway. 
3.3.4 International price linkages. 
There are three sub-classes of non-spatial price equilibrium 
model, which differ in the way prices are incorporated into the 
rna del (Th 0 mp son, 1980). 
The first class aSSumes that a single price clears the global 
market for a commodity (Adal:\s, 1976; Labys, 1973; Hitherell, 
1968), and uses this price directly to estimate derived regional 
supply and demand equations. This approach abstracts from the 
spatial pattern of prices associated with transfer costs, but 
does not preclude the introduction" of both tariff and 
quantitative trade barriers into the model. Horeover, the 
approach is useful where domestic price series are not available. 
An alternative to this simplified type of model is the approach 
taken by Fisher (1972), Lattimore (1978) and Tyers (1980) among 
others, whereby prices in each region are linked through transfer 
costs to a world market price. This allows relevant policy 
distortions, exchange rates and transport costs to be 
incorporated in more"detail, but requires information on domestic 
prices in every region. 
The third sub-class of model attempts to link prices in only 
those countries which actually trade with one another. Prices are 
linked bilaterally between trading partners through transport 
costs, which requires considerable data on both these and prices. 
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Because of inadequate domestic data the first approach is used 
here, whereby price is determined by the interaction between 
supply and demand in a competitive market. The values of the 
world market clearing price are obtained from the solution of the 
final model. This provides a measure of the reaction of each 
region to changes in international prices. Hhile the estimation 
of each region's supply and demand relationships in terms of a 
world price may appear to be restrictive, the estimated 
relationships have considerable relevance, given the objectives 
of the study. Although this does not show domestic price changes, 
it does show the change in domestic supply and demand levels that 
would result from a change in world market conditions. 
For regions which have wholesale price data available the linkage 
between domestic and world market prices can be made. Thus an 
estimate of the domestic function, rather than the derived 
function, can be determined and can provide information on the 
actual response to changes in domestic price. The relationship 
between the world price and domestic prices can be written in the 
general form; 
(3.8) Pi = f (P w) 
where Pi is the domestic wholesale price in country i, and Pw is 
the world price, both measured in national currencies. The prices 
are distinguished bj transport costs, meat quality differences 
(especially where trade unit values are the dependant variable), 
exchange rates and barriers to trade. 
The est i mat e d for m s 0 f E qua t ion 3. 8 are g i v e n -i nAp pen d i x 3 for 
several regions in the study; these are not however included in 
the final model, for reasons given there. 
. . - :: : :: - - ~, 
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The relationship between prices at producer, retail and wholesale 
levels in domestic markets is not measured here. Little of the 
necessary data on such prices is available globally, but details 
on individual countries can be found elsewhere (Naughtin, 1979; 
Griffith, 1974; Tambi, 1975; Houston, 1962). 
In a perfectly competitive market a single price would pertain at 
each level of the market, differentiated only by the amount of 
t ran sf e r cos t s. Th us the p ric e t ran s m iss ion e I a s tic i t Y , E P 1. P w , 
(that is, the percentage change in domestic price in response to 
a one percent change in the world price) would be approximately 
one, were there no barriers to trade. 
Several studies (eg. Bredhal, 1979; Tyers, 1980) suggest that the 
price transmission elasticity is likely to be less than one. For 
countries or commodities where Governments insulate internal 
producer and consumer prices from world market price trends this 
would be expected to be the case. Further discussion of this 
point is given in Appendix 3. 
The price transmission elasticities calculated from the equations 
in Appendix 3 are given in Table 3.2. These range from 0.56 to 
1.24, which suggests that there is a relatively high degree of 
price responsiveness and that a single representative world price 
can be used in the model. However, not all factors which restrict 
t r a d ear e inc Iud e d- ins u c h are I a t ion s hip, sot h eel a s tic i tie s 
:1 given provide an upper limit to the responsiveness of domestic to 
world prices. Again, further discussion of this point is given in 
Section 8.3.4 and Appendix 3. 
.. :-.-;1 
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TABLE 3.2 
Estimates of Price Transmission Elasticities (1) 
country 
Argentina 
Australia 
Canada 
East Europe 
EEC(9) 
Greece 
Iran(3) 
Japan(4) 
NZ 
USA 
USSR 
World Exports 
World Imports 
Price Transmission Elasticity(2) 
0.95 
0.95 
1. 00 
0.86 
0.94 
0.70 
0.56 
0.64 
0.86 
0.81 
1.24 
0.97 
0.99 
(1) Full details are given in Appendix 3. 
(2) Response of wholesale price to changes in World price. 
Border prices used where domestic prices not available. 
Adjusted for exchange rates. 
(3) 13 observations only . 
(4) 10 observations only • 
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3.4 Derived demand and supply relationships. 
The relationships estimated using the world price instead of the 
domestic price can be considered as derived demand and supply 
curves. They are similar to those used by Foote (1958) to explain 
the relationship between wholesale prices and producer behaviour, 
and later by George and King (1971) in the relationship between 
wholesale prices and consumers. 
·The relationships can be derived mathematically by substituting 
the price expression determined in the previous section into the 
domestic supply and demand equations. Repeating, for example, the 
general domestic demand and price functions; 
( 3 • 1 ) D i = f (p i, P R i, Y i, Z D i ) 
(3.8) Pi = g(Pw) 
and substituting Equation 3.8 into 3.1 gives the general form of 
the derived demand function; 
Di = f(g(Pw), PRi, Yi, ZDi) 
( 3.9) = f'( Pw, PRi, Yi, ZDi) 
The derived demand function, which has an equivalent derived .~ 
supply function (Equation 3.10) shows the general form of 
functions estimated in the sheepmeat model. The relationships 
summarize the impact and -interaction between each individual 
region and the world price. 
(3.10) Qi = g'(Pw, PSi, ZHi) 
Implicit in the derived functions are the assumptions that 
transport costs do not differ ~"idely between regions, that 
quality differences remain constant, that any trade barriers 
remain constant, and that even if the margins between world and 
domestic prices differ, the response of trading countries to 
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changes in world price is consistent over time. 
Obviously Equations 3.9 and 3.10 could be estimated by 
determining independently the domestic demand, supply and price 
relationships. Lack of information though, on domestic prices at 
retail and farm level in each region, especially in aggregated 
regions, makes the derived relationship more useful for 
estimation. 
The theory developed by Foote (1958) and used by George and King 
(1971) related specifically to the derivation of elasticities at 
farm-lev~l from those at retail-level, using retail-producer 
price transm~ssion elasticities. By extending this concept to the 
price transmission elasticity of domestic to world prices 
(Epi.pw) the actual elasticities of supply and demand (EcPi, 
EsPi) can be calculated from the derived responses (EcPw,.EsPw) 
using the relationships; 
EcPw / EpLpw = EcPi 
and EsPw / Epi.pw = EsPi 
In Chapter 6 the derived elasticities are estimated and used in 
these relationships to determine the actual supply and" demand 
elasticities. Because the price transmission elasticities will 
generally be less than one, the derived responses place a lower 
bound on the approximated actual resPQnses. 
3.5 Prices in the model. 
The world price used in the model is taken to be the wholesale 
market price at Smithfield (UK) for PM grade~ imported New 
Zealand lamb. This price is based on the largest import grade of 
sheepmeat in the UK. In Appendix 3 it is demonstrated that the 
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Smithfield price is representative of prices in other countries, 
and further discussion on this choice of price series is 
provided. 
As was stated in the previous section, the world price is used in 
the derived relationships. It is converted to real, national 
currencies for each region, using the formula; 
Pi = (Pw * ERi) / CPIi 
where ERi and CPIi are the exchange rate and Consumer Price Index 
in region i. 
All other prices and incomes in the model are converted to 
national currencies and deflated by the respective price indeces 
(base 1970=100). 
It is necessary to deflate prices and incomes to real terms 
because of the high rate of inflation during the 1970's. The 
rapid increase in actual market prices but stability of real 
* prices for sheepmeat, is demonstrated in Figure 3.4. 
Deflating by a country's Consumer Price Index poses a number of 
problems. Indeces are calculated on a 'fixed-basket' basis, which 
neglects the possibility of substitution between goods to offset 
price rises. The cost of living is therefore overstated and could 
give biased estimates of the income coefficient. Moreover, the 
price coefficient could have a downward bias, as the fixed-basket 
index contains the price of sheepmeat. However, as expenditure on 
* Prices are highly sensitive to exchange rates and deflators. 
Under such transformations the model's world price, for example, 
declined 43% in real terms in Japan, but increased 51% in the 
EEC, over the 1960-80 period. 
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mutton and lamb is only a small part of total expenditure, the 
.1 bias is assumed to be small in both cases. 
National currencies are used in estimating the individual 
equations, as a primary concern of the study is to quantify 
reactions to price and income changes at the domestic level. 
Bjarnson (1969) suggested converting variables to a common 
currency prior to estimation. Elliot (1972) advocated that 
coefficients should be estimated in national currencies and then 
converted to common units. The latter method is used here, in 
order to determine the world market-clearing price in US$. 
.. " ""I Annual exchange rates are also used; like inflation, exchange 
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rates have become more volatile in recent years and the principal 
of fixed exchange rates is no longer valid. The assumption is 
made that exchange rate adjustments fully reflect changes in 
do m est i cpr ice 1 eve 1 sin the sam e tim e per i 0 d. Th i sis f e Itt 0 be 
justified in the case of sheepmeat trade, where there is little 
Government distortion or 'fixing' of prices, which would prevent 
market prices moving in line with world prices. 
3.6 Trade in the model. 
For most regions import demand or export supply can be calculated 
as a residual of domestic production and consumption, using 
Equation 3.3. 
In certain cases, where there is insufficient data to estimate 
both supply and demand equations, a behavioural, net trade 
equation can be specified instead. The excess function is the 
reduced form of the other two functions (see Leamer, 1970, for a 
proof). A single equation regression can therefore be run, for 
quantity of sheepmeat traded on price, past trade levels and 
time, of the general form; 
(3.11) Xi = f( Xli, Pi, T) 
,',- -- ---":;-; 
where Xi = net trad~ in region i, 
Pi = world price, in real, national currency, 
and T = time (a proxy for incomes, taste factors, market 
development and changes in Government policy). 
Excess functions are estimated for East Europe, the USSR and two 
net importing and exporting Rest-of-World regions. Little data is 
available on these regions, and virtually nothing is known about 
the relationship between market prices and trade levels. The 
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formation of a simple net trade equation therefore yields useful 
information on price elasticities of excess supply and demand. 
Clearly though, the estimated parameters are of a very tentative 
nature because of the simplified form of the explanatory 
function and the level of aggregation of the data. 
3.7 The estimating form. 
By making a series of conditions and assumptions in Sections 3.3-
3.6, to the theoretical model in Section 3.2, a form of the model 
has been derived which can be estimated. 
__ ~ The derived model has the following general structure: 
-I ( 3 • 9) PCi = f ( Pi, Yi, PRi, ZD i) 
I 
(3.10) Qi = g( Pi, PS i, ZHi) 
(3.11) (PCi*Ni)- Qi = Mi 
(3.12) or Qi 
-
(P C i* N i) = Xi 
(3.13) or Xi = h ( Xli, Pi, T) 
(3.14) Pi = (Pw * ERi)/ CPIi 
(3.15) ~ Xi = EMi 
where variables are as defined in Section 3.2, and; 
(3.9) is a derived demand function for per capita consumption, 
(3.10) is a derived supply function for total production, 
(3.11) is a net import identity, 
(3.12) is a net export identity, 
I (3.13) is the reduced form of Equations 3.9 and 3.10, and gives 
-I 
I 
--'_--'_:-:-:---:"·:·1 
the excess demand and supply for certain net trading regions, 
(3.14) converts the equilibrium world price to real, national 
currencies, and 
(3.15) is the market equilibrating and solution mechanism, 
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for i = Argentina, Australia, Canada, EEC(8), East Europe. 
Greece, Iran, Japan, NZ. the UK, the USA, the USSR, and two Rest-
of-World import and export regions. 
More specifically, the model consists of; 
a) 9 behavioural equations explaining production of sheepmeat in 
the major trading countries (not Japan), 
b) 10 behavioural equations explaining net per capita consumption 
in the major trading countries, 
c) 10 identities explaining net trade - that is, the difference 
between consumption and production in each country, 
d) 4 behavioural equations explaining net trade in the USSR, 
East Europe, and two Rest-of-World importing and exporting 
regions, 
e) market clearing identity 
f) 11 identities converting the world price to real national 
currencies for each region. 
A series of price linkage equations, of the form of Equation 3.8, 
relating the world price to domestic wholesale prices and border 
prices where appropriate, is additional, but not essential to the 
model. 
The model therefore consists of 23 behavioural equations, 23 
identities and 45 endogenous variables, plus the additional 
series of price linkage equations. In Chapters 4, 5 and 6, 
relationships a) - f) are discussed in more detail, and the 
estimated relationships given. 
-.": 
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3.8 Method of estimation. 
Ordinary Least Squares (OLS) was used to derive the final 
estimates of the equations, though the structural form of the 
model was examined to determine whether a systems estimation 
technique (such as 2SLS, 3SLS, or Joint Generalised Least Squares 
(JGLS» should be applied. 
JGLS is used for systems of equations where the error terms are 
correlated, to improve the asymptotic efficiency of estimates, 
though OLS will also give consistant and unbiased parameter 
estimates. The gain in efficiency is greater, the higher the 
degree of correlation. To test the relationship among the error 
terms the correlation matrix of the residuals of the equations 
was constructed. The coefficients were tested, using the Fisher 
'z' statistic (Hayslett, 1978), to determine whether significant 
correlation existed. Some correlation was found among the error 
terms of the consumption equations, though there was less on the 
supply side. Within country correlations were also high and so 
the model was re-estimated using JGLS. Under the estimating 
procedure's default value the disturbances of each equation 
proved to be unrelated. (Thus ~ the variance-covariance matrix 
of the reduced form errors is normally distributed, and ~ = 0'2 I). 
In this case the method reduced to that of OLS. 
The matrix of coefficients of the endogenous variables was also 
examined, with the system ordered into blocks of supply and 
demand equations. The former produced a triangular matrix of 
coefficients, indicating the recursive nature of the supply side. 
The coefficients of the consumption equations were not 
triangular, appearing above and below the diagonal, thus 
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confirming the interdependancy of the system. However, the 
particular form of the model implies that to use two stage 
estimation would require a single reduced form equation, with 
price as the dependant variable and a large number of exogenous 
variables. This in turn necessitates using a Principal Components 
routine, which generally produces results only marginally 
different from OLS (Klein, 1962) because of the small sample 
size. Klein also proposes that for international trade models, 
where a country's exports or imports are small relative to total 
world trade, OLS is an adequate estimating procedure. 
One of the assumptions of OL5 is that there is zero 
autocorrelation of the disturbance terms. This assumption may be 
violated in certain cases (as determined by the Durbin-Watson, or 
the 'h' statistic '* in the pre sen c'e of lagged dependant 
variables) so the resulting estimates, though unbiased, have 
large variances. 
In these cases the equations can be re-estimated with a first 
order autoregressive scheme to account for the relationship of 
the error terms. The Cochrane-Orcutt method gives consistent and 
* The formula for the 'h' statistic is: 
1 - i J;-l---~-.-V"l""b-l 
where d = OW and vbl is the variance of the coefficient 
of the lagged dependant variable, from the OLS estimate. 
Values of h > 1.645 indicate autocorrelation among the 
error terms. The test is strictly only applicable to 
large samples (n > 30), as nothing is known about its 
small sample properties (Johnston, 1972). Since here 
n is generally 20, the test is not exact. 
-.1 
I 
I 
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efficient results, though the estimates may be biased due to the 
small sample size and the presence of lagged dependant variables 
(Johnston, 1972). Values of the Durbin-Watson or 'h' statistics 
and the adjusted results are given in the relevant sections of 
Chapters 4 and 5 as well as the original equations. 
The simulation technique used however, involves retrieving the 
coefficients from the estimated equations and subsequently 
reforming the functions. Since this method ignores the 
contribution of the serial correlation term it was not possible 
to retain the corrections in the final model for simulation. 
.-<~',:-'<.:. ,.,:-:-:,', 
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CHAPTER 4 
WORLD PRODUCTION OF SHEEPMEAT. 
4.1 Introduction. 
In Chapter 2 the ~ain characteristics of world sheep production 
were described; in this chapter supply response in the major 
trading regions is analysed more formally. 
In the previous chapter the derived supply functions were 
discussed within the general framework of the model, but nothing 
was said about these functions themselves. In Section 4.2 the 
theory behind the functions is described in more detail. From 
this theory, and a discussion of the available time-series data 
an estimating form of the model is arrived at (Section 4.2.4). 
The results of fitting this model for all the main trading 
countries are discussed in the following sections. Comparisons 
among the results for the different countries and general 
conclusions about the nature of annual world sheepmeat production 
are left to Chapter 6. 
4.2 Theoretical considerations. 
4.2.1 Specification of the supply equations. 
The relationship used here to explain sheepmeat supply is derived 
from producer supply theory. That theory explains supply based on 
the maximization of profits for a producing unit, subject to the 
production function constraint (Klein, 1962). Defined in terms of 
the underlying cost relationships, the supply curve of an 
industry represents the summation of the portion of the marginal 
cost curve lying above the average variable cost curve for 
individual producers. 
- -"" - " "-: :"~ - .. -. 
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Supply functions can be formulated in various ways, depending on 
the availability of data and the objectives of the modelling 
excercise. A common procedure in modelling livestock supply 
applies the theory of sheep flocks as a capital investment and 
the farmer as portfolio manager, developed by Jarvis (1974), and 
outlined below. Separate equations for the number of animals and 
for the slaughter rate are specified, and total supply is 
,determined by an identity. These models (summarised by Laing, 
1982) show varying degrees of sophistication. For example, 
Lavercombe (1978) developed a life-cycle model of the U.K. sheep 
industry which determines the supply response to price via the 
interaction of lamb and ewe numbers, and turn-off rates from both 
hill and lowland (ie. breeding and fattening) flocks. 
A more aggregate supply response model has been developed by 
Reynolds and Gardiner (1980) which endogenises inventory changes, 
turn-off rates and per unit production in the Australian sheep 
sector. 
These more complex approaches are not justified here, given the 
level of aggregation of the data and the objective of a simple 
model structure. The supply response specification for the world 
model requires a direct relationship between quantity and price, 
which can be determined for all the regions in the study. Thus a 
red u c e d for m 0 f the in v e n tor y res po n s e mod e 1 sis d e-ve lop ed, 
leading to a derived supply function of the form of Equation 
3.13. 
The theory behind the models is based on the availability of 
livestock at any time for current slaughter or for retention as 
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breeding stock. However, an essential dynamic aspect of sheepmeat 
production is that sheep numbers cannot change immediately in 
response to new conditions, to reach the desired level of 
production planned for that period. To increase output from the 
flock a period of adjustment is necessary, unless breeding ewe 
numbers are diminished, or marginal adjustments are made by 
altering time of slaughter or feed levels, to increase or 
decrease unit slaughter weights. 
A method was developed by Nerlove (1956) for building a dynamic 
aspect into his studies of agricultural supply functions. He 
showed that producers anticipate what they expect to be the 
planned long-run, or equilibrium flock size, so the principal 
determinants of desired sheep numbers can be represented by the 
function; 
( 4 • 1 ) S*t = f(P*t, PS*t) 
where S*t is the planned number of sheep, 
P*t is the expected live sheep price, 
PS*t are the expected prices of substitutes, 
and t is the time period. 
It is emphasised that these are 'planned' not 'actual' sheep 
numbers, and decisions are based on 'expected' not 'known' 
prices. Little is known about the way in which farmers form these 
expectations, but some assumptions can be made about the process. 
Equation 4.2 is a general version of the process by which it is 
assumed actual sheep numbers (St) adjust to planned sheep numbers 
(S*t) in year t. 
(4.2) St - St-l = d(S*t - St-l) 
In Equation 4.2 the actual change in numbers of sheep in year t 
is specified to be equal to a fraction, d (the coefficient of 
I 
I 
I 
I 
I 
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adjustment) of the desired or equilibrium change in numbers. The 
fraction d lies between zero and one, and is a measure of the 
speed with which actual sheep numbers adjust in response to 
factors determining the planned flock size. It is determined by 
the biological production lag and a number of institutional, 
technological and behavioural rigidities in the industry, which 
were identified in Chapter 2. 
* In Equation 4.1 P t is the expected normal price of sheep meat for 
year t, and PS*t represents the expected prices of substitutes, 
the see x pee tat ion s be i n g for me d 0 ve r pre vi 0 u sse a son s • Th e 
formation of price expectations is affected by many factors, 
which to simplify the model are summarized in actual past prices. 
By making a further simplifying assumption of naive expectations 
it can be stated that the most relevant past price affecting 
decisions is the actual price in the period in which the 
expectations are formed. This is where; 
p*t = Pt-1 
and * PS t = PSt-1 
The assumption may of course be violated, and presents a 
particular problem at times of speculative price change, as in 
1972-74. It would be interesting to consider other more complex 
specifications of the formation of price expectations but the 
available number of observations and the degree of aggregation 
lim its the c hoi ceo f a 1 t ern a t i ve s • ( Th e m 0 s teo m m 0 n 0 f the sea r e 
the adaptive method of Cagan; the rational model of Muth; Solow's 
.'.'_-.-,-.-,-_- -. -_-J 
77 
Pascal lag Scheme, and Jorgenson's Rational distributed lag 
model: see Koyck (1954), or Nerlove (1956) for a theoretical 
exposition of the methods). 
Thus the following may be written; 
(4.3) S*t = f(Pt-l, PSt-I) 
Combining Equations 4.2 and 4.3, and lagging one period yields an 
equation in, which the variables are represented only in terms of 
their actual, observable quantities; 
( 4 • 4 ) St-l = d*f(Pt-2, PSt-2) + (l-d)St-2 
So far the relationships have been determining sheep numbers. The 
total amount of sheepmeat supplied from the flock each year (Qt, 
which is the rate of slaughter times carcase weights) is 
comprised of the supply of mutton (QHt) and of lamb (QLt), 
Mutton supply is determined by closing inventory numbers (St-l) 
since mutton is obtained from older ewes being culled from this 
portion of the flock, and other factors (ZHt) affecting current 
turn-off decisions. Lamb production, on the other hand, is 
dependant on the numbers of breeding ewes available in the 
previous season, which are also approximated by closing inventory 
numbers. 
It was shown in Section 3.3.1 that it is possible to derive an 
aggregate sheepmeat response function. Using ~his assumption 
again, the derived relationship for mutton and lamb supply can be 
written as; 
(4.5) Qt = g(St-l, ZHt) 
Substitution of Equation 4.4 into Equation 4.5 gives the 
determinants of total sheepmeat production; 
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( 4 • 6 ) Qt = g[(d*f(Pt-2, PSt-2) + (1-d)St-2), ZHt] 
In order that this relationship can be expressed only in terms of 
production variables, the simple and direct relationship between 
sheep numbers and production (Equation 4.5) can be utilised. 
Lagging Equation 4.5 one period gives; 
(4. 7) Qt-1 = g(St-2, ZHt-1) 
Then Equation 4.7 can be inverted in such a manner that, 
( 4 • 8 ) St-2 g' (Qt-1, ZHt-1) 
which, when substituted into Equation 4.6 gives Equation 4.9; 
( 4 • 9 ) Qt = g[{d*f(Pt-2, PSt-2) + (l-d)*g'(Qt-1, ZHt-1)}, ZHt] 
This is a general form of the estimating equation used in the 
model. 
4.2.2 Implications of the reduced form functions. 
Equation 4.9 includes a lagged dependant quantity variable as an 
explanatory variable, the conventional justification for which is 
the partial adjustment mechanism. Smith (1976) gives an 
alternative justification "based on the pragmatic grounds that 
farmers do consider the previous year's plans in makin~ their 
current production decisions." These t~vo alternative 
justifications cannot be easily distinguished from the empirical 
results except for the fact that the partial adjustment model 
requires that the coefficient of the lagged dependant variable be 
significantly less than one. However, the alternative 
justification has no such requirement. 
The same is true of Equation 4.9 since the coefficient of 
adjustment, d, is related to some function (g') of Qt-1, and not 
directly to it. (It can be shown that since the function g' is 
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the inverse of g, the coefficient ",ould in fact reduce to (I-d) 
if Equation 4.5 were a simple linear relationship). 
In the general case the coefficient of Qt-l in Equation 4.8 will 
be positive, and could be greater (though will generally be less) 
t h an 0 n e. Th u s the sam e will bet rue 0 f the co e f f i c i en t 0 f Q t - 1 
in Equation 4.9. 
In this case the lagged dependant quantity variable si~ply 
,indicates that farmers are guided in their production decisions 
by flock size and supply in previous periods. 
It is difficult to postulate a priori the signs of the 
c'oefficients in Equation 4.9, because of the dual role of sheep 
in production (ie. for slaughter, or for flock-building). In 
general positive responses to sheepmeat price changes would be 
expected in the long-run, but these could be negative in the 
short-run~ The latter is complicated where reduced forms of the 
livestock inventory model are being estimated (Tryfos, 1974). A 
negative price coefficient could result from either aggregation 
error (which occurs where the components of supply (ewes, 
hoggets, lambs) are not examined separately) or from a dominant 
short-run flock building response. In the short-run this 
apparently perverse supply response can be justified as "a 
necessary, logical and distinctive feature" (Reynolds and 
Gardiner, 1980). The rational producer reduces c,urrent supply and 
increases current breeding ewe numbers in response to price 
rises, in order to expand future production. 
Where responses are positive in the short-run, producers may be 
'cashing in' on higher prices. If their expectations are that 
current price levels are more favourable than future levels (ie. 
,>:::«",-:-:,:-::J 
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if the naive expectations assumption is invalid), they could be 
slaughtering at higher than optimal levels, and reducing the size 
of the breeding flock. 
Short-run responses will differ among countries therefore, 
depending on producers' attitudes towards price changes. In the 
long-run all responses are expected to become positive. The 
difficulty lies in identifying the 'short-run', but it could be 
.expected to be periods of less than one year. Although the time 
stream for the change is indeterminate, in the medium term (which 
includes the two year lag period used in the model) a negative 
sup ply res p 0 n s e i s imp rob a b 1 e. N 0 r-e 0 v e r , i tis not con sis tan t 
with the theoretical reduced form model developed, which implies 
that the coefficient of the price variable should be positive. 
The sheep model is complicated by being part of a multi-product 
decision environment. Sheep can produce several complementary 
goods such as wool and milk, as well as meat. In addition there 
are a number of enterprises \'lhich can be substituted for sheep 
production such as beef cattle, or cropping. The variable PS in 
Equation 4.9 represents factors which affect the current 
sheepmeat supply decision. For example, PS might be the past 
price of wool, included because producers have the option of 
selling lambs if the price is low and discourages wool 
production, or of retaining sheep for breeding to increase wool 
production in future years if prices are high. Other variables 
included could be beef, wheat and dairy-product prices. 
The response to changes in \"001 prices could be either positive 
or negative, depending on the relative importance of wool and 
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meat as outputs from the industry. With a two year lag it would 
be expected that in regions where meat supply predominates, an 
increase in wool prices would lead to higher numbers of breeding 
ewes and hence lambs for slaughter. Where wool is the main 
product, e'll'es would be retained for increasing wool production. 
The number of cull ewes (the main source of mutton) being 
slaughtered and hence meat output, would decline. In the long-run 
.all responses should become positive. 
The response to changes in beef prices and other substitutes is 
more likely to be positive in the short-run (as producers 
slaughter at a higher rate, to replace sheep ''''ith cattle), and 
become negative in the long-run (as output capacity from the 
reduced breeding flock declines). The medium term response is 
expected to be positive, but the time path for the change is 
again indeterminate (Reynolds and Gardiner, 1980). 
Two problems result from the medium term supply response and the 
reduced form of the model. Firstly, since the coefficient of the 
lagged dependant variable is not the simple coefficient of 
adjustment, it cannot be used to determine long-run elasticities. 
Secondly, any negative medium term coefficients would lead to 
negative long-run elasticities, which would not be particularly 
meaningful. Long-run responses are therefore not calculated. 
4.2.3 The data. 
(i) Production. 
Data on production of sheepmeat in each country or region was 
taken from USDA (FAC-LH, 1980) and covers mutton, lamb and 
goatmeat. It is recorded on an annual rather than a seasonal 
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basis, and is measured in thousands of tonnes, dressed carcase 
weight. 
Whilst the aggregate data also covers goatmeat, which is outside 
the scope of the study, it is not thought to be a real problem. 
Goatmeat production cannot readily be separated from sheepmeat 
production, but data from various sources suggests that. it is 
stable, and comprises only a small part of production in most of 
the countries included in the model. In countries where it forms 
a larger part of production (eg. Iran) it rarely becomes a 
marketed commodity, but is consumed by the local producers. 
(ii) Prices. 
A farmer's supply of goods should depend on the expected 
profitability of the various commodities he produces. Output 
levels and product mixes are adjusted according to variations in 
the absolute and relative levels of net returns from the farm 
products. However, as dis aggregated cost data are rarely 
available, profit series cannot be calculated, and price 
movements are used instead as explanatory variables· in the supply 
equations. 
For the sheepmeat price in each region the world price is used, 
as explained in the previous chapter. 
For beef prices, where no domestic series are available, an 
international price series is used, converted to the domestic 
currency and deflated as with other prices. This price series is 
the world average annual trade unit value (FAO Production 
Yearbook). 
Where wool prices are included and no domestic series are readily 
".":. ,'. -~.·i 
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available, a proxy for a world price is used. This is taken as 
the Australian ~Yholesale price (FAa Production Yearbook) which is 
an average across all qualities of wool on a greasy basis. It has 
been demonstrated elsewhere (Hitherell, 1968) that quoted prices 
are a good indication of movements in the whole spectrum of world 
wool prices. 
Using world series instead of farm-gate prices implies that the 
esimated responses are derived rather than actual ones. 
(iii) Other trends. 
The functions estimated here are intended to be supply functions 
rather than production functions, so the principal emphasis is on 
measuring economic, not technological variables. Nevertheless, in 
the sheepmeat industry technology and inputs and their effect on 
productivity are important supply shifters. Technological 
improvements in both the quality and the quantity of inputs used 
affect not only immediate livestock yields, but also the 
agricultural resource base. Obvious examples of the first effect 
are specific breeds for meat, and of the secondary effect are the 
impact of irrigation and fertilisers on pasture improvement. 
Such relationships are difficult to measure accurately, and are 
too complex to include explicitly in the equations estimated 
here. How~ver, the relationships were included in a simplified 
form, using a time trend as a proxy for technological change. 
(iv) ~.[eather. 
Heather conditions affect sheepmeat' supplies indirectly through 
the amount and quality of pasture forage available. Producers 
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base part of their decision to invest or disinvest in capital 
stock (ie. breeding ewe numbers) on the weather in the current 
period; moreover, pasture availability determines the age and 
weight at which sheep are slaughtered within any period. 
Measures used to account for weather conditions reflect the 
amount of rainfall (or lack of it) in the principal sheep 
regions, and are discussed further in Section 4.3. It should be 
noted that the general form of supply function given by Equation 
4.9 incorporates the effect of weather conditions in previous as 
well as current periods. Omission of the lagged effects could 
lead to bias in the estimated equations, thus the variables used 
are weighted accordingly, to account for weather conditions in 
the previous season. 
4.2.4 The estimating form. 
The actual estimating form of the supply equations derived from 
the above specifications can be stated as; 
(4.11) Qit = a + bQit-1 + cPit-2 + dPWlit-2 + ePBit-2 + 
fWit+gT 
where Q is the quantity produced, 
P is the world price of sheepmeat, 
PWI is the price of wool, 
PB is the price of beef, 
W represents climatic factors, 
T represents trend factors, 
t is the time period, 
and i is the country or region. 
Production trends in individual regions, and equations estimated 
for each are discussed in more detail in Sections 4.3.1 to 4.3.12 
below. More general conclusions are left to the discussion of the 
overall model in Chapter 6. 
>'-;;'_-.'.' 
4.3 Supply equations.* 
4.3.1 Argentina. 
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A rapid deterioration has been seen in Argentina's sheep 
industry, with a 60% fall in sheep numbers caused partly by 
declining and unstable prices but also the uncertain political 
climate. Production has correspondingly declined from 209Kt in 
1968 to 118Kt in 1980. 
The industry is based on extensive grazing, and whereas sheep 
production has stagnated, beef production has increased. The 
flocks which remain are mainly kept for domestic purposes, though 
a few larger, commercial enterprises still exist. In the 
commercial flocks sheep are dual purpose animals, with wool being 
the most valuable product, and meat of secondary importance. 
Weather has an effect on production (Johns, 1978) but it was not 
possible to incorporate this into the model, even using a dummy 
variable. Apart from data limitations, there are wide climatic 
differences between regions and conditions vary from flooding to 
extreme drought. 
The only analytical study available of supply in Argentina, by 
Pereira (1973) deteimines production indirectly as a function of 
prices of sheep and wool. \.J'hilst his results were satisfactory, 
it was felt that an improvement could be made in determining the 
factors affecting supply (SAR) by including beef prices (PBAR) 
and a time trend (T) as well as prices of sheepI:J.eat (PAR) and 
wool (PWLAR). The equation estimated in this study was as 
follows; 
* Values in brackets are t-values. An * indicates coefficients 
which are not significant at the 5% level. 
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SAR 18.54 + .85SAR1 - .00PAR2 - .0046PBAR2 + .04PWLAR2 - .22T 
(.40)* (4.44) (.00)* (.64)* (.77)* (.15)* 
R2=.76 DW=1.69 S=17.78 F(5,13)=7.86 
The results obtained were an improvement on Pereira's, since 76% 
of the level of supply was explained here. The value of the h-
statistic (1.54) indicated that autocorrelation was not a 
problem. Only one coefficient was significant; this could be the" 
result of not having captured producer-responses to price changes 
correctly in periods of extreme inflation. It should also be 
recalled that many sheep flocks in Argentina are not kept for 
commercial purposes and do not therefore respond to economic 
pre s sur e sst ron g ly. Th i s was con fir me d by the s i z e 0 f the 
coefficient of the lagged dependant variable, which reflects the 
traditionalism inherent in the industry. 
A positive response was determined for wool prices, suggesting 
that producers increase breeding ewes and subsequently output, in 
response to rising prices. The elasticity with respect to wool 
prices was low, at 0.13. No elasticities are reported by Pereira 
to permit comparison. 
Beef appeared as a competitive enterprise, with a cross price 
e I a s tic i t Y 0 f - 0.1 7. Th e 0 w n p ric e co e f f i c i e n twa s p 0 sit i v e , but 
prices had little effect on sheepmeat supply. 
A dummy variable was tested, to determine whether the revolution 
in 1974 had any effect on supply, since production fell 24Kt in 
that year. The results were no better so the dummy variable was 
omitted. Similarly, wheat prices were tested in the equation, to 
represent another alternative enterpris"e to sheep farming, but 
there was no significant effect on supply of sheepmeat. 
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The proxy variable 'T' had a negative sign, even though 
technological change would be expected to increase output. The 
long term decline suggests that social and institutional factors 
outweighed any increases in efficiency. 
4.3.2 Australia. 
Australia is the second largest sheep rearing country in the 
,world, with 136 million sheep, though numbers have declined 24% 
since 1970 for reasons outlined in Chapter 2. 
The agricultural system is based on extensive grazing, and some 
of the arrid regions of central and northern Australia are only 
suitable for cattle or sheep; the rest is favourable for either, 
or for cropping or for dairying. During the 1970's there vlas a 
tendency to develop mixed farming and cattle at the expense of 
sheep rearing. A number of severe droughts have also affected 
sheepmeat production, which is around SOOKt per annum compared 
with 908Kt in 1971. 
Aggregation problems are faced in explaining Australian supply, 
because of distinct mutton and lamb production patterns. Wool is 
the industry's major product and mutton is a by-product. However, 
a large crop of lambs is also produced specially for meat, and 
more emphasis is now being placed on improving carcase quality. 
(The ratio of lamb to mutton production rose fro,m 2:3 in 1960 to 
3:2 in 1980). 
According to other studies, flock size in the long-run is 
governed by relative wool, beef and wheat prices, whilst mutton 
and 1 a m b p ric e s are res p 0 n sib 1 e i nth e s h 0 r t- run for c han g e sin 
flock composition. (See Gruen, 1967; Freebairn, 1973, and 
I 
I 
, 
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Reynolds, 1980, for studies of alternative enterprises, and 
Cornell, 1978, and BAE, 1971, for more specific studies of the 
sheep industry. These studies are summarised in Appendix 2. 
Various forms of equation were tested to explain supply in 
Au s t r ali a , y i e 1 din g qui t e s i f:1 i 1 a r res u 1 t s • The foIl 0 ~-l i n g was the 
fin a 1 for m, u s' e din the mod e 1, \-l her e Au s t r ali a n sup ply (S AU) i s 
determined by prices of sheepmeat (PAU), beef (PBAU) and ~yool 
(PWL), weather conditions (RAU) and trend factors (T). 
SAU = 531.44 + 
(.90)* 
1.55RAU 
(.97)* 
DH=1.49 
.46SAU1 
(1.38) 
- 4.69T 
(.93)* 
5=93.94 
- .089PAU2 
(.19)* 
- .983PWL2 + 
(.86)* 
F(6,12)=2.64 
1.47PBAU2 -
(.65)* 
The equation only explained 57% of variation in supply, and 
whilst all but one of the coefficients were consistent with a 
priori expectations, the coefficients were generally not 
significant. The lagged dependant variable had most of the 
explanatory pow'er; its coefficient of 0.46 indicates that 
producers adjust towards desired output relatively quickly. 
Sheepmeat prices were not significant and had a negative 
coefficient. The problem has been encountered by other 
researchers estimating Australian supply functions (Smith, 1976), 
and is possibly caused by the dominant short-run stock witholding 
effects. The price elasticity of supply was -0.10. 
Wool prices have their principal impact on breeding ewe numbers 
(BAE, 1979), so price with a 2 year lag was expected to have a 
s i g n i f i can t e f f e c ton cur r e n t pro d u c t ion. T his Y i e 1 d e- d a c r 0 S S 
price elasticity of -0.23, indicating that sheepmeat production 
is more responsive to wool prices in Australia than in other 
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countries in the study. Although the coefficient was not 
significant it had the expected negative sign. Thus, if wool 
prices rise, in the medium term ewes are retained for breeding 
and later wool production. Conversely, if wool prices fall higher 
numbers are culled and meat supply increases. 
Beef prices were not significant either, although substitution 
occurs between beef cattle and sheep within the grazing industry. 
The cross price elasticity of 0.30 is again higher than other 
sheepmeat exporting countries, but is comparable to results in 
other studies. As expected it had a positive sign, so a 10% 
increase in world beef prices would give a subsequent increase in 
sheepmeat supply of around 18Kt as producers shift into beef 
production. 
(Because the price coefficients were not significant the equation 
was re-estimated using relative prices of sheepmeat to beef and 
wool. These variables were still not significant, had negative 
signs and did not improve the overall fit of the equation. The 
original equation was retained). 
Wheat prices were thought to have an effect on sheepmeat supply, 
.... ,--.. : but no significant relationship between these variables could be 
found. This could be because only part of the flock is held in 
the wheat-sheep zone, or that the wheat price series available 
were not the most relevant ones. Fe\'l researchers have obtained -
significant results, so the variable was omitted. 
Year to year variations in Australian supply depend in a complex 
way on the \.;reather. A specification for weather is difficult to 
make on a national basis, since weather may have different 
90 
effects on production in the various producing areas. Yet 
rainfall is important, and droughts are cited as the most 
frequent cause of variation in Australian supply (BAE, 1979). The 
BAE constructs an annual index of rainfall on a seasonal basis, 
in which the rainfall indeces for each state are weighted by the 
proportion of total sheep in that state. Because production 
(especially of lamb), depends on ewe-matings during the autumn of 
the previous July-June year, allo,vance is made in the index for 
rainfall in that period. In the equation the rainfall index had 
the expected negative sign, but its coefficient was not 
significant. This implies that high rainfall gives better pasture 
growth and allows stock to be carried to heavier weights or kept 
for future wool production instead of being slaughtered. 
Conversely, drought conditions lead to higher turn-off rates in 
the same period. 
Not only is pasture quality important, but also the actual area 
available for running sheep; in good seasons even marginal land 
can sometimes be used. However, pasture availability in this case 
is highly co-linear \vith weather conditions, so no attempt was 
made to include it as a separate variable. 
Major technological advances have been made in the Australian 
sheep industry since World War II, in particular through the use 
of superphosphate fertilizers on pastures, and the control of 
rabbits with poison and myxomatosis. A time trend, T, was 
included to try to capture the effects of these changes on 
Australian supply. Witherell (1968) used a variable measuring the 
volume of fertilizer applied in previous seasons, but his results 
were not Significant. Other authors (Freebairn, 1973; Reynolds, 
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1980) obtained positive responses in the per unit production rate 
to time, measured in terms of average carcase weight. A large, 
negative coefficient ~vas obtained here (though it ~vas not 
significant) suggesting that at the aggregate level, social and 
institutional factors have outwei~hed technolo3ical change. The 
trend caused a long term decline in the industry of around 4Kt 
per annum. 
4.3.3. Canada 
Canada takes a minor place amongst the sheep raising countries; 
sheep numbers, which were over 3 million earlier in the century, 
have declined to less than half a million head. The causes of 
the decline are similar to those in the USA (Section 4.3.11). In 
addition, most animals are kept indoors for 7 months of the year, 
so the high costs of grain feeding militate against 
expansion of the industry. Since these animals are grain fed 
during winter the decision process takes into account the current 
cost of feed barley (PBRLYC). Beef is the main alternative 
en t e r p r i s e, sob e e f ret urn s (P B C) w e r eO inc Iud e din the e qua t ion 
explaining supply, with sheepmeat prices (PC). 
SC = -5.99 + .664SC1 - .0028PC2 + .0085PBC2 + .018PBRLYC 
(1.65) (6.59) (1.28)* (2.81) (1.45) 
DH=2.22 S=1.05 F(4,14)=36.46 
The estimated equation explained 91% of the variation in supply, 
and most of the coefficients were significant. The equation 
yielded an own price elasticity of -0.29, and a high cross price 
elasticity with respect to beef, of 1.12. The barley price 
variable had a positive sign, indicating that producers increase 
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slaughter rates as feed costs rise. 
The coefficient of the lagged dependant variable was larger than 
that in the USA, presumably because of the greater capital 
investment in intensive production, which reduces producers' 
ability to change. 
4.3.4 East Europe. 
The main producing countries of East Europe are Bulgaria, Rumania 
and Yugoslavia, though the analysis also covers the minor 
producing countries, East Germany, Poland, Hungary and 
Czechoslovakia. The southern countries have much larger sheep 
numbers than the northern countries but production systems are 
similar. 
Sheep farming is a marginal enterprise, pursued in mountain 
regions and in the extensive areas of poor quality grass. Grazing 
seasons are short because of the climate, and the extreme 
variability of the weather often adversely affects production. 
There has been a shift of emphasis from wool to meat production, 
and Government plans in all states encourage further expansion. 
65-75% of production is consumed domestically, but whilst the 
East Europeans do not dislike sheepmeat they prefer pork, and so 
per capita consumption is generally lo~. The level of consumption 
is determined politically, as is production to a large extent. 
Whilst consumption has been static over the period, production 
has been encouraged to allow some surplus for export. Exports, 
which were negligible during the 1960's, grew rapidly during the 
late 1970's to reach 28Kt in 1980. 
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Difficulties were found with estimating both supply and demand 
equations, so an excess supply function was determined instead, 
since it is exports from the region with which the study is 
primarily concerned. The following equation was estimated, with 
export supply (XEE) as a function of real, world prices (DP~.J) and 
a time trend (T). 
XEE = -16.80 + .017DPW + 1.20T 
(1.49) (1.08)* (5.77) 
DW=0.55 S=4.54 F(2,18)=35.48 
The equation was satisfactory, with the signs and coefficients as 
expected, though the value of the DW statistic indicated the 
", -".->--;: 
presence of autocorrelation amongst the residuals. 
Exports are highly elastic with respect to price (1.27) which 
suggests that East Europe's exports respond to world market 
forces. 
The strong positive time trend reflects the Governments' need to 
increase export earnings by expanding supply and maintaining 
domestic consumption at low levels. It also reflects the 
reduction in live sheep exports which have been replaced- by 
carcase meat sales. 
4.3.5 The EEC. 
Sheep production systems in the EEC are diverse so caution is 
needed in making generalisations about producton as a whole. 
However, since the EEC presents a unified market for world 
t r a d e r s, i t nee d s t o· b e con sid ere d a s a sin g lee n tit Y a s far a s 
is relevant. Therefore, Greece is analysed separately, as it 
became a member of the Community after the estimation period, and 
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so is the UK, because of the size of its industry and the 
differences in its market. The remaining markets (France, West 
Germany, Italy, Ireland, Denmark and Benelux) are treated as a 
single group, the EEC(8). 
Sheep farming in the EEC(8) is essentially a small-holding 
operation, and is not particularly responsive to economic factors 
in the short to medium term. There are however, certain regional' 
,I differences in production systems, depending on the relative 
I 
importance of meat, wool or milk production. The majority of 
sheep are bred for meat, with milking sheep numbering less than 
10% of the flock, and being confined to Italy and Southern 
France. Sheep bred exclusively for wool are gradually 
disappearing. As for meat, only France and Italy produce a 
significant amount; West Germany and Ireland are the other two 
main- producers, and total EEC(8) production has increased 43% 
over the period, to 310Kt in 1980. 
The following equation was estimated to explain this increase in 
output, where production (SEC) is a function of prices (PEC), 
previous levels of supply and trend factors (T). The deflator 
used for the price series was an average of the separate indeces 
weighted by the proportion of sheepmeat supplied from each 
count'ry in the region. 
SEC = 74.42 + 0.629SEC1 - 0.00129PEC2 + 2.09T 
(1.71) (2.69) (1.11)* (1.68)* 
R2=.96 DW=1.86 S=6.31 F(3,15)=138.62 
The equation explained 96% of the variation in EEC(8) supply, and 
there was no evidence of autocorrelation amongst the residuals. 
The price coefficient was negative but not significant and gave 
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an extremely low elasticity of -0.009. The coefficient of the 
1 a g g e d d e pen dan t va ria b 1 e was s i g n i f i can t. Th e set w 0 res p 0 n s e s 
confirm that EEe supply is determined primarily by traditional, 
social and environmental factors, rather than economic factors. 
The time trend was included as a proxy for improvements in 
technology, and other factors which have indirectly encouraged 
sheep farming, such as the EEe grants to 'less favoured areas'. 
The positive coefficient, although it was not significant, 
reflects the importance of these factors in increasing supply. 
4 • 3 • 6 Th e UK. 
The UK has the largest sheep industry in the EEe, with a flock of 
some 20 million head. Production systems differ from most other 
countries, being based on the interdependance of hill and lowland 
flocks. 
There has been a regional shift in production, to rough grazing 
in the mountain and hill areas of the north and west, as beef and 
cereal production have been expanded in the eastern lowlands. A 
'Fat Sheep Guarantee scheme' was used by the Government for many 
years to support farm incomes, and this in turn stabilised both 
sheep numbers and production of sheepmeat. UK production varies 
annually around 250Kt but has shown no distinct trend. Wool is an 
important secondary product from the industry, and wool prices 
,.are also guaranteed by the Government. 
0'Again, little analytical work has been done on UK production, 
most researchers concentrating on the demand side. Models that 
have been built were generally done so with the objective of 
projecting future supply, and vary from the use of simple 
I 
j 
96 
expansion paths (Cawley, 1978), through the estimation of 
production as a function of prices plus a time trend (McFarqhuar, 
1971) to models involving analysis of flock-dynamics (Bristol 
University, 1972; Wragg, 1978; Lavercombe, 1978). 
In the model production (SUK) was estimated to be a fu=tction of 
the prices of sheepmeat (PUK) beef (PWBUK) and wool (P\vLUK), and 
a Dummy Variable (DUK) to account for accession to the EEC. 
SUK = 35.33 + .39SUKI - .098PUK2 + 135.28P~lLUK2 + .176PWBUK2 + 
(030)* (1.07)* (.34)* (1.09)* (.71)* 
20.85DUK 
(.83)* 
R2=.26 DW=I.39 S=8.26 F(5,13)=0.94 
The value of R2 was poor, and none of the coefficients were 
significant. It was thought that this could have been the result 
of using an inappropriate price series, so another equation was 
estimated, using the Guaranteed price for sheepmeat • 
SUK = 173.97 + 
(1.17)* 
23.76DUK 
(.94)* 
R2=.40 DW=I.49 
• 1 3 S U K 1 - 1 5 1 .3 6 P U K 2 + 1 5 3 .5 5 P WL UK 2 + .06 2 P W B UK 2 + 
(.37) * (.82) * (1.51) * (.53) * 
8=14.55 F(5,13)=1.75 
While the equation shows that much of the stability in British 
supply is due to stable prices, it performed little better than 
th e pre v i 0 us 0 n e. An 0 the r e qua t ion was est i mat e d us in g the 
relative prices of sheepmeat to beef as an explanatory variable. 
The variable again had a negative sign and the overall equation 
was poor. Therefore, since the objective was to determine the 
response to changes in the world price, the initial equation was 
retained. 
The coefficient of the lagged dependant variable was not 
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significant and was much smaller than in many countries. This 
suggests that producers in the UK place less emphasis on previous 
levels of supply, and are able to adjust to desired production 
levels more rapidly. 
The medium term response to sheepmeat price changes was negative 
and gave an elasticity of -0.13. The medium term elasticities 
with respect to beef and wool prices were 0.29 and 0.27 
respectively. 
The dummy variable indicates that supply in the UK increased 
around 20Kt as a result of joining the Common Market. 
4.3.7 Greece. 
Much of Greece is mountainous, with a climate marked by long 
per i 0 d s a f d r 0 ugh t • Th e s ere g ion s , sui tab 1 eon 1 y for r aug h 
pastures and scrub-forest, are grazed by a large number of 
nomadic sheep and goat flocks. The land now suffers from erosion 
and poor watershed control as a result of many years of similar 
grazing methods. 
,-.:.-,:.:, :->-.-;-;'.' 
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Free-range grazing of small flocks constrains expansion of 
production, and as a result numbers have declined in response to 
economic pressures (OECD, 1979). The number of sheep and goats 
has fallen from 14.4 million in 1960 to 12.4 million in 1980, 
with the lowest numbers in 1970 of 11.6 million. The proportion 
of goats in the flock has fallen over this period from 40% to 
25%; sheep numbers have been more stable at around 8 million 
head. An improvement in productivity and slaughtering at heavier 
carcase weights, as well as the run down in sheep numbers, have 
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contributed to an increase in sheepmeat production. Output has 
grown 54% over the period, from 78Kt to 120Kt in 1980, an 
increase of 2% per annum. 
Sheepmeat is an important part of meat production in Greece, 
accounting for 47% of meat output in 1960, though as other meat 
output has grown (9% per annum), sheepmeat 'now accounts for only 
24%. Both sheep and goats are mUlti-purpose animals; by value the 
gross output from the industry comes 66% from milk, 25% from 
meat, and 5% from wool. 
Meat production tends to emphasise the younger animal; some two-
, i t h i r d s 0 fan i mal s s 1 a -u g h t ere dar e mil k lam b san d kid 5, 0 f 0 n 1 y 
I 
7kg. These young and immature animals, with low nutritional 
requirements, play an important role suited to the climatic and 
geographic conditions in Greece. To encourage higher productivity 
a special Government programme grants subsidies for lambs 
slaughtered over 25kg, and indeed, average carcase weights have 
risen to 10kg. Other programmes encourage breeding of small, but 
high yielding animals suitable to the terrain, and cross breeding 
to increase meat production without increasing milk output 
'1 (Boutonnet, 1978). 
In the past price levels did little to bring about change; since 
p r Lc e con t r 0 I s w ere abo lis h e din 1 9 7 5 howe v e r, pro d u c e r p ric e s 
hav,e improved, leading to increased slaughter. In addition, a 
direct payment per animal is made to sheep farmers in mountain 
areas and remote islands, but prices still tend to be poor. 
No data was available on domestic prices, so in the estimated 
equation the world price was used. Since the lambs are produced 
on a one year cycle, decisions on production (SG) are made in the 
.. -,',- ',-' ',';->.; 
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previous period; the price variable (PG) was lagged one year 
accordingly. 
8G = 2.86 + .77SG1 
(.31)* (6.36) 
+ 0.00067PG1 + 0.45T 
(1.99) (1.52) 
S=3.78 F(3,16)=107.68 
The equation was generally satisfactory, though a higher degree 
of explanation might have been obtained had it been possible to 
include sheep milk prices. 
Calculation of the 'h' statistic (2.65) suggested the presence of 
serial correlation among the residuals. The equation was re-
estimated using the Cochrane-Orcutt technique with an estimated 
autocorrelation coefficient of 0.50. 
8G = 9.24 + 0.69SG1 + .00061PG1 + 0.58T 
(.67)* (4.11) (2.02) (1.07)* 
R2 =.87 DW=1.32 8=3.42 F(3,15)=33.04 
Overall the equation was slightly worse than the original 
equation (with a lower R2 value and a similar 'h' statistic 
value), although the coefficients were of the expected sign and 
size. 
The lagged dependant variable was the most significant factor 
determining supply. The size of its coefficient reflects the 
traditional nature of the farming system. The price coefficient 
was significant, and gave a price elasticity of 0.16 indicating 
that producers do respond to economic factors. The elasticity is 
slightly lower than that determined by Christou (1980) of 0.52 • 
The time trend reflected the positive effects of improvements in 
technology, and heavier carcase weights. 
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4.3.8 Iran. 
Sheepmeat production in Iran has in the past been confined to 
nomadic sheep and goat herding - a system which leads to a high 
mortality rate and low productivity. More recently a few 
permanent, intensive farms have been established (World Bank, 
1977), but the extensive system still predominates. 
Sheep numbers have increased somewhat, to 45 million head, but 
. ~ p;r 0 due t ion has aIm 0 S t d 0 ubI ed, t 0 3 5 0 K t ( U S D A est i mat e s) i n 1 9 8 0 , 
due to heavier killing weights. Despite Government efforts to 
develop the livestock industry, the dry climate, difficult 
terrain and 10TI1 productivity make it impossible to expand 
production fast enough to meet the growing demand. 
Goats have an important role within the traditional flock because 
of their ability to survive on poor quality pasture. They provide 
good security to owners in frequent drought years, and there has 
been no move to cull them in favour of sheep production. Also 
because of the harsh climate, fat-tailed sheep are kept, as they 
have the ability to withstand periods of feed shortages. They 
produce a lean carcase, which is generally slaughtered at 18-24 
months weighing 16kg. 
Producer prices in Iran have largely been set by the Government, 
though no information on domestic prices was available. Hence, in 
the equation estimated to explain supply no,price variables were 
-'"." ". -l inc 1 u d e d • The rea ref e w a 1 t ern a t i vee n t e r p r i s est 0 she e p 
p.roduction, so supply was determined as a function of previous 
levels of supply (511), a time trend (T) and a dummy variable 
(DI) to account for the effects of the revolution in 1979. 
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SI 15.22 + .77SI1 + 4.276T - 57.3DI1 
(.88)* (5.23) (2.02) (2.13) 
R2=.94 DW=1.50 S=23.52 F(3,16)=84.53 
The equation gave a high degree of explanation, and all the 
coefficients were significant. The 'h' statistic indicated that 
autocorrelation among the residuals was not a problem. 
The improvement in technology (heavier slaughter weights, lower 
mortality rates, etc.) was a major factor in increasing supply 
over the period. The effects were reflected by the large 
coefficient of the trend variable. The coefficient of the lagged 
dependant variable indicated that physical constraints and 
traditional production systems slow the rate of change in the 
industry. 
The dummy variable had a significant, negative coefficient. No 
immediate effect of the revolution was apparent, but supply fell 
approximately 57.3Kt in the subsequent year as a result. 
4.3.9 New Zealand. 
Although NZ and Australia are similar in their sheep produc~ion 
systems there are a number of features that differentiate them. 
NZ is one of the world's major producers, and by far the leading 
exporter, but it relies more heavily on trade in sheepmeat for 
its export earnings than does Australia. The climate, industry 
structure, and alternative enterprises also differ (Brabyn, 1978) 
--->_-:-::1 and so in the equation estimated different responses are 
expected. Supply in NZ has increased 20% over the period, with 
several fluctuations reached 560Kt in 1980. 
NZ supply (SNZ) was explained as a function of prices of 
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sheepmeat (PNZ), beef (PBNZ) and wool (PHLNZ), and weather 
conditions (SHD). 
SNZ = -20.70 + 1.03SNZ1 + .00045PNZ2 - .213PBNZ2 + .407PWLNZ2 -
(.08)* (2.77) (.01)* (.22)* (.68)* 
0.579SHD 
(.92)* 
R2=.65 DW=1.93 S=25.50 F(5,13)=4.91 
The results were not very satisfactory, as only the coefficient 
of the lagged dependant variable was significant and only 65% of 
the variation in supply was explained. This could be due to the 
omission of a variable to explain technological change; both 
Witherell (1968) and Laing (1981) attempted to incorporate it 
using the volume of superphosphate applied in previous years, but 
were unable to do so satisfactorily. There was little improvement 
in the results when a time trend was included as a proxy for 
technological change, so it was dropped from the final equation. 
The climate in NZ is comparitively wet, so annual sheepmeat 
production does not experience fluctuations to the same degree as 
does that of Australia or Argentina. However, weather conditions 
do still playa part in determining SNZ; a useful measure of this 
is the number of days each year of Soil Moisture Deficit (SMD), 
weighted by the number of sheep in each region (NZ Meteorological 
Society, Pers. Comm.). This was included in the model, and gave a 
negative coefficient, as production falls during the drier years. 
NZ is the second largest producer of apparel wool in the world, 
thus prices for wool are an important factor in the NZ sheep 
industry. Wool producers have been protected from the more 
extreme fluctuations in world wool prices by a ~eserve price 
scheme, so this was the appropriate price series to use 
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(Witherell, 1968). NZ is also important for its specialised fat-
lamb production, and the two are complementary products in most 
areas. Wool prices had a positive coefficient therefore (unlike 
Australia, where sheepmeat is generally a by-product of the wool 
industry, and gave a negative coefficient). A cross price 
elasticity of 0.06 was calculated. 
Beef prices were included, to represent the main alternative 
activity to sheep in NZ. The NZ schedule price for prime beef was 
used; its coefficient had a negative sign but was not 
significant. A cross price elasticity of -0.02 was calculated. 
Other alternative enterprises, such as dairying and crops, are 
analysed by Rowe (1956), Court (1967), Rayner (1968), \voodford 
(1978) and Rich (1978), but were not included here, as the 
equation was satisfactory for the purpose of the model. 
As NZ exports 85% of its sheepmeat, the industry is geared to the 
export market. Thus overseas prices largely determine domestic 
sheep prices, through the schedule price system (Appendix 3). As 
expected, a positive coefficient was obtained for prices, but the 
coefficient was extremely small and not significant. The price 
elasticity was approximately zero. Whilst this may be a problem 
of the model rather than a characteristic of NZ supply, it does 
indicate that the response to price changes is small. This is 
confirmed by the results of other researchers (Appendix 2). 
Moreover, the coefficient on the lagged endogenous variable was 
greater than one, indicating that supply is slow to change to 
desired levels. Coupled with the normal cross price and the low 
own price responses, this suggests that NZ farmers base sheepmeat 
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production decisions on relative returns and on previous levels 
of supply rather than on sheepmeat prices. 
The US sheep industry is a minor enterprise which has declined 
considerably, though around 90% of US consumption is still 
produced domestically. Production systems differ from other 
countries, with a mixture of extensive grazing in the West, 
grain-fed lambs in the East, and farm-flocks as secondary 
enterprises elsewhere (Edwards, 1970). Lamb is now the main 
product from the industry, with wool accounting for only 20-30% 
of income from sheep. 
The number of sheep fell 63% over the period 1960-80, from 33 
million to 12 million head. Production too, has fallen from 
348Kt to 144Kt. This decline is attributed to a shortage of 
trained labour, the low price of wool, the poor returns from 
sheep compared to beef, and heavy losses to predators. 
"'~"'.'." . 
Little analytic work has been done on the causes of this decline, 
or on US sheepmeat supply at all. Edwards (1970) using an 
econometric model, indicates that 83% of variation in production 
is explained by current livestock numbers and a time trend; he 
found no can c 1 u s i vee v ide n c e t hat at her fa c tor s ( wag e - rat e s 0 r 
relative wool, lamb or beef returns) influence production in the 
short run. Roberts and O'Ready (1979) show that 95% of variation 
in production is explained by also including lamb prices. 
The model estimated here determines output (SUS) as a function of 
sheepmeat prices (PUS), beef prices (PBUS) and previous levels of 
supply. 
".'. ~ .. ': ;->-'-' 
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sus = 14.12 + .97SUS1 - .0015PUS2 - .015PBUS2 
(.35)* (5.07) (.05)* (.43)* 
DH=1.46 F( 3 , 1 5) =2 1 5. 6 9 S=11.76 
In the equation not all the variables had the expected sign, and 
only the coefficient of the lagged dependant variable ' .... as 
significant. The equation explained 98% of the variation in 
production, though the DW statistic (1.46) could possibly be 
improved by the inclusion of more variables, such as weather 
conditions or wool prices. 
The estimated price response was not very satisfactory, as the 
coefficient was negative, and gave an elasticity of -0.005. 
Beef prices were incorporated with a 2 year lag; a negative but 
insignificant coefficient was obtained, as rising beef prices 
cause producers to shift out of sheep farming and increase cattle 
numbers instead. Thus, as the cross price elasticity with respect 
to beef is -0.07, a 10% rise in beef prices alone, would cause a 
0.7% fall in sheepmeat supply 2 years later. 
A time trend was initially included to explain factors such as 
increasing losses to predators, and declining labeur 
availability. T gave significant results, with a negative sign, 
reflecting the general decline in the industry caused by the 
various factors. However, it altered the overall equation in an 
unsatisfactory way so was not included in the final equation. 
Weather conditions vary so much across the US that it proved 
n ••••• : 
impossible to develop an adequate, separate variable. 
In order to assess whether producers respond to relative rather 
than actual returns, another equation was estimated using 
relative sheepmeat to beef prices (PUSjPBUS) as an explanat'ory 
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variable. 
sus = 320.86 + 0.32SUS1 - 203.18(PUS2/PBUS2) 
(9.30) (3.52) (6.97) 
DW=1.64 S=37.78 
All the variables were significant, but the relative prices again 
had a negative coefficient which is hard to justify. The 
coefficient of the lagged dependant variable was considerably 
smaller though, indicating that producers probably place more 
emphasis on relative returns than on previous levels of supply. 
4.3.11 Rest-of-World Excess Supply. 
To complete the supply side of the model, a Rest-of-World export 
sector was included. This area covers all the countries which 
sell small quantities either regularly or infrequently, such as 
Uruguay, India and Turkey. It accounts for a growing proportion 
of total trade, increasing from 2% in 1960 to 14% in 1980. 
The estimated equation gives an indication of the responsiveness 
to world prices in these non trade oriented, but large producing 
countries. As such it provides other exporters with information 
on the increasing competition from new sources. 
The estimated equation was as follows; 
XRW = -27.61 + .45XRW1 + .053DPW + 2.65T 
(1.04)* (2015) (1.27)* (2.23) 
R2=.93 DW=1.61 S=10.36 F(3,16)=72.25 
wh ere the v 0 I u met r a d e d (XR W) is a fun c t ion 0 f rea l, W 0 r 1 d P ric e s 
(DPW) and a time trend (T). The time trend had the strongest 
effect on exports, reflecting the growth in trade over the 
period. 
,- <,;<;- ~ .. -:; -;-:! 
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The price coefficient had the expected positive sign, and yielded 
a short-run excess supply elasticity of 0.54, which, as with East 
Europe, is much higher than the supply responses in traditional 
exporting countries. Current, not lagged, prices were used in the 
equation as exports from these countries are often a residual of 
the domestic market, rather than planned ex~ess supply. 
Other variables were tested, such as world wool and beef prices, 
to see if they had any significant effect on the volume of 
exports; as they did not, they were omitted from the equation. 
Thus, exports from the Rest-of-World sector do appear to be 
affected to some degree by economic factors, but to a greater 
extent by the factors for which T is a proxy. 
108 
: : .. ~.-' 
109 
CHAPTER 5 
THE WORLD DEMAND FOR SHEEPUEAT. 
5.1 Introduction. 
In this chapter the deterninants of sheepmeat consunption in the 
main trading countries are identified. As was shown in Chapter 2 
substantial differences exist in consumption patterns among 
nations and knowledge of why these differences exist is important 
in determining which factors to include as explanatory variables 
in the consumption equations. It is then possible to explain why 
different price and income responses and elasticities are 
obtained in different regions. 
In the next section (5.2) the specification of the demand 
e qua t i 0 'n sis con sid ere d, e s p e cia 1 1 Y the the 0 r y b e h i n d the IJ and 
the implications of the data used. 
In Section 5.3 the equations estimated for each country or 
region, and other studies of the same market are discussed. Since 
consumption patterns are so diverse, this type of comparison is 
often more useful than cross-country comparisons for validating 
the results of a study. However, in Chapter 6 some comparisons 
~ are made between the equations in order to draw a few general 
conclusions about demand for sheepmeats. 
5.2 Theoretical considerations. 
5.2.1 Characteristics of the demand equations. 
Specification and estimation of commodity demand relationships 
has received much attention else,,,here (see Labys, 1973, for a 
bibliography). 
There are several techniques for analysing meat demand (Colman, 
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1976). These use either complete systems of demand for all 
commodities at once, or take a partial approach, which relates 
demand for a single commodity to a subset of factors which affect 
total demand. Both are based on the analysis of either cross-
sectional' or time-series data. 
The relationship usually used to explain demand derives from 
consumer demand theory. The theory explains demand based on the 
,maximisation of consumer utility, subject to an appropriate 
budget constraint. Solution of the maximization problem through 
differentiation leads to a set of demand equations of the form of 
Equation 3.12, which is restate-d here; 
( 5. 1) PCit = f(Pit, PRit, Yit, ZDit) 
which relates per capita consumption of the commodity (PCi) to 
its price (Pi), the prices of other commodities (PRi), income 
(Yi) and other exogenous factors (ZDi) in the same time period 
(t) • 
T.h ere are a n u m b e r 0 f imp 0 r tan t con sid era t ion s t 0 b e mad e wit h 
regard to Equation 5.1, in order to derive an estimating form of 
the generalised equation. 
Underlying the complete demand system of which Equation 5.1 is a 
nember, is a set of restrictions based on rational consumer 
behaviour, which the demand functions satisfy. These are known as 
the Homogeneity condition, the Engel aggregation condition, the 
Cournot condition, the S Y m met ry con d it ion and the S 1 u t sky 
condition. 
Discussion of complete demand systems and the underlying 
conditions can be found elsewhere (eg. George and King, 1971). 
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Since sheepmeat is being treated in a partial framework it is 
sufficient here to say that the conditions provide the properties 
which are generally associated with a system of demand equations. 
The homogeneity condition however, is useful in partial analysis 
for obtaining an estimate of the response to price changes of 
competing goods when only limited data is available. The 
condition implies that if prices and incomes are changed by the 
same proportion, the quantity demanded remains the same. With 
homogeneity of degree zero the direct- and cross-price 
elasticities plus the income elasticity sum to zero. If estimates 
of the own price and income elasticities can be made, then it ~s 
possible to derive the sum of the cross-price elasticities. 
The parameter estimates for the model are obtained using time-
series rather than cross-sectional analysis. In cross-section 
household demand analysis all prices are typically omitted from 
consideration, so this method is not appropriate, a major 
objective of the study being to determine price relationships. 
Horeover, such data is not readily available, as household 
consumption surveys have not been undertaken in many of the 
·cc •. · •. ,. countries involved here. 
Another consideration with regard to Equation 5.1 is that it is 
designed to explain individual consumer behaviour. In the 
complete model the per capita consumption estimates are 
aggregated to obtain market demand functions for each country. 
However, as individual taste and consumption patterns differ, 
aggregation is only valid if it is assumed that income 
distribution is constant over time, or if redistribution takes 
place the individuals do not alter their demand for the 
112 
commodity. It is also assumed that consumers in any particular 
country react in the same manner to price changes. Thus 
aggregating individual responses into a market demand function 
assumes homogeneity of degree zero in prices and income. 
One possible solution would be to estimate an elasticity of 
demand with respect to population, by determining total 
consumption as a function of population. This entails estimating 
,an aggregate, not a per capita consumption function however, 
which would reduce the degree of detail. 
The relationship specified in Equation 5.1 is static in that it 
makes no distinction between differences in demand response in 
the short-run and the long-run, and takes no account of the 
influence of past levels of demand. For these reasons a dynamic 
relationship was also considered. 
Hhen prices or incomes change consumers respond to the changes 
.. 
over a period of time, the length of which varies between 
commodities and consumers. The time taken for the adjustment of 
actual consumption to desired or equilibrium consumption depends 
on institutional and technological rigidities and the strength of 
h a bit per sis ten c e. Th e 1 0 n g e r the a d jus t men t per i 0 d con sid ere d , 
the less important the constraints become, but in the short-run, 
demand for a non-durable commodity such as sheepmeat, tends to be 
inelastic. 
The theories proposed to explain such behaviour are similar to 
those explaining lags in production responses, developed by Koyck 
and Nerlove. 
Koyck assum~d that a direct form of distributed lag exists 
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between the dependant variable and one or more of the explanatory 
variables. (For example the lag weights might decline 
geometrically - the 'Koyck lag', or in a polynowial form - the 
'Almon lag'). 
A simpler dynamic theory was developed by Nerlove, and was 
outlined in the previous chapter. Similarly a dynamic equation 
suitable for estimation can be obtained by introducing an 
,adjustment coefficient, d (the speed at which consumers adjust 
actual towards desired consumption. D is determined by the 
strength of habit persistance etc.). By substitution Equation 5.1 
becomes, (see Labys, 1973, for a proof); 
( 5 • 2 ) PCi = f(PCil, Yi, Pi, PRi, ZDi) 
where variables are as defined in Equation 5.1. The inclusion of 
PCil, the lagged dependant variable, implies that current 
consumption is a function of past desired or equilibrium 
consumption, as well as other current factors. 
If it is assumed that habit persistance lasts for only one year, 
and that the annual response is the same as the long run 
response, then Equation 5.2 reduces to Equation 5.1. This implies 
that adjustment is rapid, and is completed in a period of less 
than one year. There are few rigidities to slow change in the 
meat marketing system, since manufacturing and further processing 
are not widespread, and refrigeration facilities, promotion and 
retail outlets are quite flexible. For periods less than one year 
(ie. weekly or monthly) there may be some delay in adjustment, 
because of domestic purchasing patterns (Baron, 1976) which are 
not a constraint over longer periods. 
A survey of meat demand studies (Colman, 1976) concluded that 
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none of the studies had established a significant difference 
between long- and short-run parameters. ~oreover, little 
additional understanding of the market is obtained by including 
the lagged dependant variable, even though the 'fit' is improved 
and R2 approaches unity if it is. Therefore the estimated 
equations are of the form of Equation 5.1. 
5.2.2 Discussion of variables. 
In Section 5.2.1 and Chapter 2 it was stated that demand for 
sheepmeat is determined by the price of sheepmeat, prices of 
closely competing or complementary products, the level of income, 
taste and other special factors where relevant. The inclusion of 
these variables in the general equation (5.1) is discussed here 
1.n order to arrive at an estimating equation. 
(i) The dependant variable. 
Consumption figures used in the study are constructed by USDA 
(FAC-LM, 1980) and cover total mutton, lamb and goatmeat 
con sum p t ion, i nth 0 usa n d s 0 f met ric ton n e s • The s a In eli m.i tat ion s 
apply as were discussed in Section 4.2.3. 
Total consumption figures (Cit) are converted to kilograms per 
capita (PCit) by dividing by the population of the respective 
c,ountry in year t (Nit). Population data is also an annual 
. a-:v era g e and was a b t a in e d fro m Hi F (S tat i s tic a 1 Yea r boo k ) 
(ii) Prices. 
The sheepmeat price variable used in the demand equations was 
described in Section 3.5. It is emphasised that since these are 
IlS 
not the actual retail level prices which face consu~ers, the 
estimated equations are derived demand functions. 
The main substitutes for sheepmeat are beef, pork and poultry 
meat. Retail prices of these commodities are included in the 
functions as explanatory variables. The prices are taken fro~ 
various national sources. 
It is expected that the estimated coefficients of sheepmeat 
.prices will be negative, but that the coefficients of other meat 
prices will generally be positive. 
(iii) Income. 
Income is a key variable in explaining trends in sheepmeat 
demand, but few studies have attempted to study income responses 
in a coordinated way~ 
FAO (1976) conducted cross-section studies using household food 
surveys to build a set of estimated income elasticities for many 
countries, as a basis for their commodity projection ~lork. The 
USDA GOL model (Regier, 1978) determined a set of income 
elasticities for a limited number of countries, though these were 
synthesised from available information, not estimated directly. 
Greenfield (1974) estimated price and income elasicities for 
eleven countries on a uniform basis. A summary of these and other 
studies is given in Appendix 2. 
..•...•.•......•.... ·:1 
In general, at low levels of income, food consumption is expected 
to increase substantially with increases in income, but as income 
continues to rise the food consumption response weakens. At high 
levels of income, the added income expended for some food groups 
may taper off, or even become negative. A sioilar pattern is 
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expected for sheepmeat, except in those countries ~.,here tastes 
prevent increasing consumption, regardless of income, so income 
coefficients could take either a positive or a negative sign. 
Per capita incomes were taken from Gross National Expenditure 
data, as quoted by ItIF (Financial Yearbook), divided by the 
population of the country. All inc 0 m e·s are i n rea 1 ( 1 9 7 0 ) 
national currencies. 
cj For the EEC an average income figure for the eight countries ~.,as 
used. For the Rest-of-World region incomes were taken to be the 
average per capita Net Disposable Income for all market 
j economies. 
i 
I 
(iv) Other trends. 
Changes in taste have also played an important role, with 
increased demand for protein foods, a shift from mutton to lamb 
and, more recently, a reduction in meat consumption for dietary 
reasons. 
Other factors which have had an important effect on consumption 
have been the increased ownership of deep freezers, and tne trend 
towards eating convenience foods and meals away from home (Baron, 
1976; Brabyn, 1978; Sheppard, 1980). 
Since it is not possible to quantify the effects of these trends, 
they were included in the model using a time trend as a proxy 
variable. The coefficient could be either positive or negative, 
depending on the particular factors causing the changes in 
consumption patterns. 
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5.2.3 The derived demand functions. 
Inclusion of these variables in the general equation (5.1) leads 
to the estimating form of the derived demand equations: 
peit = a - bPit + cYit + dPBit + ePPit + fPCHit + gTt 
where PCi is consumption of sheepmeat, 
Pi is the price of sheepmeat, 
PBi, PPi, PCHi are prices of substitute meats (ie. beef, 
pork or chicken), 
Yi is per capita income, 
T is a time trend, 
i is the region, 
t is the time period. 
and a-g are estimate~ coefficients. 
In the remainder of this chapter the actual estimates of the 
equations are given and discussed. 
- - - - - - -'-.~ -: 
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5.3 De~and Equations. 
Following tile trend in ?roduction, consuoption of shee·[)r.eClt ie 
Ar:;entina has declined considerably. Fror. bein[; the oainstay of 
the diet in the earlier part of the century, Incb and mutton 
consu~ption had fallen to 6kg per capita in 1960, and to 3.4kg by 
1980, thou2,l! the dorlestic raurket still absorbs 70~~ of production. 
A small increase in lar:1D consumption has occurred, but 
insufficient to offset the decline in TIutton consuortion. Eeef 
has been substituted for sheepDeat even though it is more 
expensive (Johns, 1978). Studies sho,'1 that the ~ain reason for 
sheepmeat becoming an inferior good is a chan~e in taste and 
consu~ption patterns (Janvry, 1972; Pereira, 1973). The process 
of urbanisation has reduced the number of rural people, who 
traditionally keep anc slaughter their oun sheep, and increase(~ 
the nunbers buyin8 preferred meats, such as beef, throu"~h retail 
out 1 e t s • (S u r v e y s s h 0 \1 t hat r u r ale 0 n s u T:l P t i 0 U 0 f she e p :n eat i s 
eleven times greater than urban consumption, and that 
urbanisation is taking place at the rate of 2% per annura). This 
process, and taste changes should be reflected in the incooe 
c 0 e f f i c i en t , ~I h i c h Til a sex p e c ted t c ben ega t i v e. 
No estimates of price and income elasticities are available, 
though other studies suggest the inclusion of the explanatory 
variables used in the equation below. Per capita consumption 
(peAR) Tdas estimated to be a function of prices (PAR), incomes 
(YAR), beef prices (PEAR) and a dummy variable (rAIl.) T,'hich Has 
included to show the effects of political unrest in 1971/72. 
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peAR = 7.03 - .000002PAR - .00025YAR + .00021PBAR - 1.85DAR 
(6.14) (2.03) (0.79)* (1.54) (5.17) 
DH=1.74 S=0.36 F(4,16)=47.23 
The estimated equation was generally satisfactory, having the 
expected signs on the coefficients, and coefficients of the 
expected size. Only the coefficient on the income variable ~;ras 
not significant at the 10% level. Very low responses to price and 
income were found, with an own price elasticity of -0.18, a cross 
price elasticity with respect to beef of 0.23 and a negative 
income elasticity of -0.21. This implies a cross price elasticity 
.::." , . ; wit h respect too the r goo d s of 0 • 1 6 • 
The most significant coefficient was that on the dummy variable. 
As a result of political unrest in the early 1970's per capita 
sheepmeat consumption fell 1.85kg. 
5.3.2 Australia. 
Per capita meat consumption in Australia is the highest in the 
world, but sheepmeat accounts for only one fifth of total 
consumption and has declined to 20kg, which is only half of the 
41evel in 1960~ Distinct trends have occurred for mutton and lamb, 
with lamb consumption increasing to 90% of sheepmeat demand and 
taking over 80% of domestic production. Several studies have 
measured the factors affecting consumption; these yield own-price 
~elasticity estimates of -0.5 to -2.0, which appear to be 
increasing over time. Beef is shown to be the main substitute, 
with cross-price elasticities ranging from 0.5 to 0.8 for lamb, 
and 0.5 to 1.2 for mutton. Earlier studies give low but positive 
income elsticities of demand for lamb, and negative estimates for 
~, -.- : 
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mutton; more recent ~'lorks suggest that all sheepI'leats are 1l0H 
considered inferior goods, "'ith income elasticities around -0.5. 
(The results of these studies are summarised in Appendix 2). 
On the basis of other studies the following equation for per 
capita consumption of all sheepmeat was estimated, where per 
capita consumption (peAU) is a function of prices (PAU), incomes 
(YAU), beef prices (PBAU) and a trend factor (T). 
peAU 35.73 - O.025PAU + O.0037YAU + 0.18PBAU - 1.48T 
(1.85) (2.38) (.54)* (2.44) (2.43) 
Di·1=1.77 S =3.39 F (/1,16)=32.76 
Overall the equation was good, which is somewhat surprising, 
given the aggregation of mutton and lamb. It had the expected 
signs and coefficients, which were all significant except for 
one. The insignificant coefficient Has on the income variable, 
but income gave inconsistent signs in other forms of the equation 
that were estimated. From the above equation the income 
elasticity of demand was calculated to be +0.27. 
The coefficient of PAU indicates that sheepmeat prices are a 
major determinant of consumption patterns and a price el~sticity 
of -0.54 was calculated, which is similar to elasticities 
measured by others. 
Beef prices as expected, had a positive coefficient, giving a 
cross price elasticity of 0.69, ~lhich is also similar to other 
researchers' estimates. The results imply a cross price 
elasticity with respect to all other goods of -0.42. 
Finally, the time trend reflects the decline in consumption, 
marked by changes in taste and consumption habits outlined 
earlier in the study. 
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5.3.3 Canada. 
The meat market in Canada resembles that in the USA in its 
consumption patterns, aid is therefore not detailed he~e (see 
Section 5.3.11). 
Several studies of general meat demand have included mutton and 
lamb (Appendix 2) and conclude that demand is more responsive to 
price changes than to income levels, and that as nutton and lamb 
are such a small part of the diet, other meat prices have a 
strong effect on demand. 
The following equation was estimated, where per capita 
consumption (PCC), is a function of prices (PC), incomes (YC), 
beef prices (PBC) and trend factors (T). 
PCC = -2.71 - .0017PC + .0011YC + .0025PBC - .12T 
(.87)* (2.07) (1.62) (2.55) (1.66) 
DW=2.04 8=0.32 F(4,16)=6.12 
The equation only explained 60% of Canadian consunption, though 
the equation was generally good, and most variables had 
coefficients which were significant (except for the intercept 
term), and had the expected sign. 
Income had a positive coefficient, since lamb (the main type of 
sheepmeat eaten) is considered a luxury item in Canada. This gave 
an income elasticity of 2.79, which is close to those reported in 
Appendix 2, but higher than for most countries. 
Price had the expected negative sign, and the coefficient yielded 
an elasticity of -0.99 which again, is relatively high. 
',','C"','C·,',">. 
Beef prices were also significant in explaining sheepmeat demand 
and gave a high cross-price elasticity of 1.87. The inclusion of 
pork and chicken prices could have improved the results~ but 
':-:_;_. ___ '<,- -,->_-.- T 
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application of the homogeneity condition indicates that a total 
c r 0 ssp ric eel a s tic i t Y 0 far 0 u n d - 3 co u 1 d bee xp e c ted for s u c h 
meats. 
Inclusion of a trend variable reflects the long term decline in 
consumption, similar to that in the USA. 
5.3.4 The BEC • 
. As outlined in Section 4.5.6 the EEe is separated into groups in 
the model. The eight Continental EEC countries form the EEC(8), 
since the markets in these countries are widely influenced by the 
French market situation. 
separately. 
The UK and Greece are treated 
Sheepmeat consumption in most states in the EEC is relatively 
unimportant, and is only 3.4% of all meat eaten, at 3kg per 
capita. Total sheepmeat consumption has varied around 800Kt per 
annum, but this masks trends within the Community, as consumption 
has fallen in Ireland and the UK but risen in France, Italy and 
i.Jest Germany. 
Consumer attitudes and consumption patterns are also diverse, 
ranging from continuous consumption at relatively high per capita 
levels in the UK and Ireland (11.2kg), to sporadic, or 
insignificant 'festive' consumption at lo~v levels in Italy (lkg) 
and the Netherlands (O.2kg). In other parts of the Community, 
notably France, lamb is eaten more regularly but as a luxury, 
high priced meat, whereas in Germany and Denmark there is 
evidence that lamb is becoming accepted as a substitute for other 
meats. Higrant workers and other ethnic groups throughout the EEC 
often have strong preferences for sheepmeats and are regular 
123 
consumers of Dutton and lanb. 
The f 0 11 0 H i n g e qua t ion was est ina ted for the E E C ( 8 ), Til her e per 
capita consunption (PCEC), is a function of prices (PEC), incomes 
(YEC) and beef prices (PBEC). 
PCEC = .845 + .036T + .00039PEC - .0022YEC -.0097PBEC 
(6.37) (6.25) (2.02) (.28)* (.45)* 
R2=.95 DW=0.65 S=0.06 F(4,16)=73.38 
The explanation obtained for the EEC was high, despite the level 
of aggregation. Not all the coefficients were significant at the 
5% level though, and the price variables did not have the 
expected signs. The value of the DW statistic suggested the 
presence of residual autocorrelation; the equation was 
re-estimated with an autoregressive scheme to account for this, 
using a value of rho of 0.73. 
PCEC = .58 + .047T + .000099PEC + .0094YEC + .0012PBEC 
(6.99) (10.63) (1.14)* (2.18) (.11)* 
R2=.99 DW=2.44 S=0.03 F(4,15)=380.08 
The resulting equation was an improvement; 99% of EEC(8) 
consumption was explained. This time only the price coefficients 
were not significant, and their signs were not as expected. In 
place of the general deflator (CPIH), the equation was re-
estimated with the monetary values deflated by an index of the 
eight CPI's, weighted according to each country's per capita 
consumption of sheepmeat. The resulting "equation ~"as more 
satisfactory, though the price variables still did ndt have 
'-.,0'<,' _ ..•.• -, '," J 
s i g n i f i c.a n t c 0 e f f i c i en t s • 
PCEC = 1.12 - .00014PEC - .00013YEC + .00017PBEC + .051T 
(7.49) (1.05)* (1.36) (1.20)* (8.59) 
R2=.94 DW=1.15 S=0.08 F(4,16)=55.54 
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The price response ~vas as expected though, and yielded a negative 
elasticity of -0.12. Similarly, the income elasticity Has then 
also negative and gave an elasticity of -0.19. The response to 
beef price changes was positive, ~'Iith an elasticity of 0.15. This 
implies a cross price elasticity for all other goods of 0.16. 
Dummy variables were also tested, to see if the formation and 
enlargement of the EEC had had any effect on consumption. There 
appeared to be no significant changes, so they were omitted fron 
the final equation. 
The time trend had a snaIl positive effect on consumption, and 
00_0'0:1 was highly significant. This implies that tastes and changing 
consumption patterns cause, ceteris paribus, small annual 
increases in market demand. In the EEC, these changes are mainly 
the result of increasing migrant workers and other ethnic groups, 
and the desire for more variety in the diet. 
503.5 The UK. 
Meat consumption in Britain is high, with a per capita 
consumption of 75kg, but the market is dominated by beef and an 
increasing amount of cheap pork and poultry, meat. The \,1 a s 
formerly one of the world's major sheepmeat eating countries, and 
mutton and lamb provided a regular and substantial part of the 
diet (10-16% of meat consumption). Ho",ever, from 1960-80 per 
capita consumption declined 36%, from 11.2kg to 7kg. Total 
consumption fell likewise from 604Kt to 410Kt. 
As well as the amount, the type of meat purchased has changed, 
away from mutton towards lamb, which now accounts for 86% of the 
aheepmeat eaten. Consumer preference is still for fresh meat 
- , -- - - , -o~o-_-
.. 
125 
rather than frozen imports, and this is reflected in the seasonal 
nature of purchasing when do~estic supplies are greatest. 
Much has been written on demand for meat in the UK; Bansbeck 
(1976) reviews the published material, and the results of 
e con 0 met ric stu die s are sum ill a r i sed inA p pen d i x 2 • Th e s ere s u 1 t s 
provide a background for the equation estimated below. Briefly, 
the main factors affecting demand are:-
.i) Income; the income elasticity of demand is estimated to lie 
between 0.2 and 0.7. This appears to be declining over time 
(NFS, 1980; Sheppard, 1980). 
ii) Own price effects; the studies show little agreerr:ent on the 
effect of mutton and lamb prices on demand, with estimates of 
o\.,n price elasticities ranging from -0.2 to -2.0. Estim<[ltes Tllere 
though, consistently lO\oJer for sheepmeats than for other meats. 
Direct price elasticities appear to be declining, according to 
studies using pre-1970 data; more recent work suggests that 
response to price changes is increasing again (Sheppard, op.cit). 
iii) Cross price effects; mutton and lamb in the UK are 
substitutes for beef, pork and poultry. Measures of the cross 
price elasticity however, show no strong competition between 
sheepmeat and other meats. All estimates were extremely low, and 
rarely significant, though as with own price effects, consumers 
are becoming more price conscious, and beef and poultry prices 
increasingly affect sheepmeat demand. 
iv) Other factors which affect demand, such as political, 
structural and institutional factors, were rarely quantified in 
the studies, but were usually referred to qualitatively, or were 
accounted for implicitly by including a time trend (Kelly, 1978; 
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Jones, 1979). 
These patterns of consumption were confirned by the equation 
estimated, where consumption in the UK (FCUK), is dependant on 
prices (PUK), incomes (YUK), trend factors (T), and the retail 
prices of beef (PRBUK), pork (PRPUK) and chicken (PRCUK). 
PCUK = 12.08 - .0043PUK 
(2.84) (1.48) 
0.169PRCUK - .50T 
(2.99) (3.47) 
S=Od1 
+ .010YUK 
(1.23)* 
- .074PRBUK 
(1.19)* 
F(6,14)=92.77 
+ .044PRPUK 
(.42) * 
The equation has an extremely good fit, explaining 98% of UK 
consumption. Three of the coefficients were not significant 
though, and two were not of the expected sign. 
The price and income elasticities were -0.14 and 0.95 
respectively, which were consistent with those from other 
studies. 
The substitution effects between sheepmeat and other meats were 
no t dis tin c t i v e i nth e e qua t ion. The res u 1 t s rea f fir m the 
di f f i cuI tie sen c 0 u n t ere d by 0 the r res ear c her s in 0 b t a i n i n g 
con sis ten t co e f f i c i en t s • On 1 y par k p ric e s had a p 0 sit i v e sign, 
which denotes a competitive good, but the coefficient was not 
significant. Beef and poultry prices both had negative signs, 
which is usually indicative of complementary products. Both meats 
are generally considered to compete with sheepmeats, though the 
coefficient of the chicken price variable ,,,as significant. The 
elasticities for all three ,,,ere quite 10''', '''ith -0.25 for beef, 
0.13 for pork and -0.35 for poultry meat. 
No attempt was made to include other substitutes or complements, 
such as fish or bacon, but the above results suggest a total 
< ~.: i 
.---;-."-,:-. 
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cross price elasticity for these goods of about -0.34. 
The time trend, a proxy for taste and institutional change, gave 
a negative, highly significant coefficient, which follows the 
long term decline in sheepmeat consumption in the UK. 
5.3.6 Greece. 
Sheepmeat consumption in Greece is higher than most European 
c 0 u n t r i e sat 14k g per cap ita. Th e pre fer en c e i s for sma 1 1 , you n g 
lambs or kids bought fresh. Frozen, imported meat is heavily 
discounted, but only accounts for 10% of domestic consumption and 
is mainly mutton. There appear to be no direct substitutes for 
sheepmeat, so the following equation was estir.1ated, where 
consumption (PCG) is a function of prices (PC), incomes (YG), 
trend factors (T) and a dummy variable (DG) to account for the 
change of government in 1974. 
PCG = 12.09 
(6.60) 
- .000092PG 
(.90)* 
+ .000085YG - 3.89DG + 0.24T 
(.51)* (4.45) (.76)* 
DW=1.09 S=O.88 F(4,16)=12.10 
A reasonable amount of Greek consumption was explained by ~he 
equation, but the price, income and time-trend coefficients ~vere 
not s i g n i f i can t. The s tab iIi t y 0 f c'o n sum p t ion was ref 1 e c ted by 
the large, highly significant constant term, around which 
consumption has varied little. 
Demand ~"as not highly responsive to prices; this is partly 
because sheepmeat is a staple food in the Greek diet, but also 
because the Government fixed domestic prices for several years, 
so changes in demand were in response to factors other than world 
prices. Hence the price elasticity was relatively low, at -0.16, 
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and the coefficient was not significant, but the results were 
similar to those in the rest of the EEC. Christou and Sarris 
(1980) determined an own price elasticity, of -0.77, and 
small cross price elasticities of 0.22 for beef, and 0.07 for 
poultry. The total elasticity with respect to all other goods 
implied by the equation was low, at -0.03. 
As with Argentina, the dummy variable was highly significant. It 
indicated that the change in Government in 1974 caused a drop in 
per capita consumption of around 4kg. 
Against this ~.,as a tendency for consumption to increase as 
incomes increased, and over time as tastes and consumption 
patterns changed. The response to income changes was small though 
and Greece had an income elasticity of only 0.19 (which was 
somewhat smaller than that estimated by FAa (1972) of +0.8, and 
C h r is t 0 u and Sa r r i s (19 8 0) 0 f 0.83 (s e e Ap pen d i x 2). 
Incomes are only about half the level of those in other EEC 
states, and a general rise in the standard of living is expected 
as a result of membership of the Community. Sheepmeat prices are 
higher than any in the EEC, though this partly reflects the 
preference for higher quality meat; little ~hange is expected in 
price levels. The combined price and income effects are expected 
to increase consumption somewhat in the years following accession 
t~o the E E C. 
5 .• 3.7 I ran. 
Of the Middle East countries Iran has the largest population, 
with 35 million people, and also the largest demand for 
sheepmeat. Until recently consumption was restricted by low 
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income levels. Following the oil-price rise in 1974-77 total 
consumption grew 45%, though it fell slightly towards the end of 
the decade, reflecting the problems caused by the political 
situation. Even at its highest levels of 12kg per capita, it was 
far below consumption levels in other Middle East states (eg. 
Qatar, at 29.1kg). 
8uprisingly good results were obtained for Iran, despite the 
general lack of information and poor data available. Consumption 
(PCI) was estimated to be a function of prices (PI), incomes 
(YI) and a dummy variable to account for the effect of the 
revolution in 1979. 
PCI = 7.61 - .0000416PI + .000075YI - 2.61DI 
(3.98) (1.17)* (8.73) (2.81) 
R2=.86 DW=1.79 8=0.91 F(3,17)=34.82 
A large proportion of consumption was explained by the equation 
and there was no significant autocorrelation. The variables had 
co e f f i c i en t s 0 f the e xp e c ted s i g nan d s i z e. In the pas t p ric e s 
have been set by Government, thus it was expected that the 
analysis would show demand to be unresponsive to international 
price changes, despite the high own price elasticity of -1.36 
reported by FAO (1976). A derived price elasticity of -0.28 was 
calculated here, though the coefficient was not significant. As 
Government no longer controls price the responsiveness of 
consumption to price changes could increase in future. 
In the past there has been little substitution between meats, so 
no other prices were included in the equation. An increasing 
amount of poultry meats are being eaten in the Middle East 
though, which is likely to pose increasing competition in future • 
. -.:- '~'-'-' .. '->---- "-,'.', 
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Incomes were, predictably the most significant factor determining 
consumption, and an income elasticity of 0.41 was calculated. 
Since average consumption is relatively low there is plenty of 
room for expansion as incomes continue to rise, as they are 
expected to do. 
Fin a 11 y , the dum my va ria b 1 e \., ass i g n i fie ant, and i n die ate d t hat 
per capita consumption fell by about 2.5kg as a result of the 
revolution. 
5.3.8 Japan. 
Meat consumption in Japan rose 330% from 1960-80, but by western 
standards the meat diet is still rather frugal. Sheepmeat 
consumption is only 7% of all meat eaten, at around 1kg per 
capita, though this too has doubled since 1960. Total sheepmeat 
consumption has therefore risen fivefold, given the high 
population growth rate, from 24Kt to 253Kt in 1975, though it 
fell back to 176Kt in 1980. 
Only 36% of the sheepmeat is consumed directly, due to the 
Japanese dislike of its taste and smell, and a preference for 
fish and other meats. Other factors affecting sheepmeat 
consumption have been a diversification of consumption habits, 
(with more meals eaten away from the home); diversification of 
raw materials, (,.,ith less concentration on traditional staples 
and more on meat and fish); increased use of secondary products, 
made from the same basic materials; and changes in the diet 
resulting from the 'modernisation' of lifestyles and rising 
incomes. These factors have encouraged the use of mutton as an 
additional source of protein in processed hams and sausages, and 
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in the fast-food industry. The annual usa~e for r:lanufacture is 
greatly affected by moves in the cost of pork and pork based 
products relative to mutton prices. Estimates of the response of 
demand to mutton and pork price changes are in the region of -0.4 
and 0.2 respectively (USDA, 1978). Income elasticity estimates 
are a r 0 un dO. 5 ( A P pen d i x 2 ), but t his fig u rem a y b era the r 1 0 ~v a s 
it does not appear to account for the use of mutton in processed 
goods, the demand for which tends to be highly income elastic. 
The lamb market is still of little importance, but consumption of 
lamb as a luxury meat is increasing, and substitution with beef, 
.. ' pork and chicken occurs at retail level. 
On the basis of the observed price and income effects, the 
follo~"ing equation \.,as estimated, where per capita consumption 
(PCJ) is dependant on prices (PJ), incomes (YJ) and the prices of 
pork (PPJ) and beef (PBJ). 
PCJ = -0.56 - .0000031PJ + .001SYJ + .002SPPJ + .00024PBJ 
(.68)* (2.01) (2.57) (2.97) (.55)* 
DW=1.30 S=0.20 F(4,16)=13.69 
77% of the level of consumption was explained by the equati,on; 
the signs were as expected, and the coefficients significant, 
except for the beef price and tQeintercept term. 
Because of its use in manufacturing, and its use as a non-
traditional, non-staple food, a relatively high own price 
elasticity was calculated from the equation, of-0.94. Demand is 
responsive to international price changes since there is no 
domestic production and little market protection. 
Pork appeared as the main substitute, and had a high cross price 
elasticity of 1.18. A cross price elasticity of 0.36 showed that 
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demand was also responsive to changes in beef prices. 
Increasing incomes were shown to have encouraged meat 
consumption, and therefore there was a high income elasticity of 
demand with respect to sheepmeat of 1.02. 
On the basis of this the total cross price elasticity with 
res p e c t too the r goo d s ( s u c has w hal e , h 0 r s em eat and f ,i s h ) VI 0 U 1 d 
be around -1.62. 
5.3.9 New Zealand. 
Since consumption patterns in NZ are similar to those in 
Australia (Section 5.3.2) they are not covered here in detail. 
The main difference lies in the proportion of production which is 
consumed domestically. Whilst in Australia this was 47%, in NZ it 
is only 15%. Though NZ has a very high per capita consumption of 
over 30kg, its population of less than 3 millions serves to make 
total domestic consumption relatively unimportant. 
The decline in sheepmeat consumption has been caused mainly by 
rising beef consumption and rising mutton, lamb and hogget prices 
relative to other meats. According to other studies, ~Yandle, 
1968; Court, 1967; Laing, 1981), mutton demand is inelastic with 
respect to price, whereas demand for lamb is more elastic. 
Similarly, the elasticity of demand with respect to income is 
around zero for mutton, but 2.0 for lamb. Where cross price 
effects were determined they were generally not significant 
(Appendix 2). 
Despite the distinct trends for mutton and lamb, the following 
aggregate equation was estimated for consumption of sheepmeat 
.. :0. I 
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(PCNZ) as a function of prices (PNZ), incomes (Y~Z) and retail 
beef prices (PRBNZ). 
PCNZ 7S.82 
(4.31) 
.0079PNZ -.020YNZ + .147PRBNZ 
(.34)* (1.97) (.93)* 
DI.J= 1 .20 S=6.47 F(3,17)=S.60 
The results were not good, possibly because of the aggregation, 
but they are adequate for the model ~iven the relative 
unimportance of the NZ market. The coefficients were of the 
expected size and sign, but the standard errors on the price 
coefficients were large, and overall only 49% of consumption 
levels were explained. 
In these responses the pattern is typically that for mutton, with 
a negative income elasticity and low price responses. Income was 
important in explaining declining demand, and gave an income 
elasticity of -0.94. 
The estimated price coefficient was not significant, and the own 
price elasticity of -O.lS indicates that domestic demand is not 
highly responsive to price changes. 
Beef is the main substitute for sheepmeat, and retail prices-had 
a positive, significant coefficient. The cross price elasticity 
with respect to beef was 0.36, and the elasticity with respect to 
all other substitutes around 0.73 therefore. 
S.3.10 The USA • 
Per capita consumption of all meat in the US is amongst the 
highest in the world, at 118kg per annum. Of this, less than 1kg 
is mutton or lamb, and whilst other meats have shown distinct 
increasing trends, consumption of sheepmeats declined by more 
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than two-thirds over the period. 
H 0 ~., eve r , the 1 a r g e pop u 1 a t ion 0 f 2 21m i 11 ion , ~'T i the v e n a 1 a ~'l per 
capita consumption ensures a sizeable total consumption of 159Kt 
(419Kt in 1960). 
The decline has occurred as a result of both changes in taste, 
and the shift in the supply curve (Edvlards, 1970; Nceoy, 1979) 
which caused a rise in prices. Market surveys of consumer demand 
for sheeplileat (ASPC, 1964; Breimyer, 1968) discuss the product's 
luxury image, which implies that both price and income 
elasticities are high (the results of other studies are 
summarised in Appendix 2). In line with this, there has been a 
definite shift towards lamb consumption, and only a small amount 
of mutton is now used, in processing. 
The main factors affecting quantities of sheepmeat purchased 
(PCUS) are prices of sheepmeat (PUS) and other meats, 
particularly beef (PBUS), tastes (T) and income levels (YUS) as 
in the following equation; 
PCUS = 1.77 - 0.00027PUS + 0.000027YUS + 0.00065PBUS - 0.082T 
( 5 .8 6) ( 1 .4 7) ( 0 .4 9) * ( 3 • 1 1 ) .(1 2 .3 4 ) 
S=0.08 F ( 4 , 1 6) =2 2 2.1 0 
All the signs were as expected, and all the coefficients 
significant, except for income. Both the value of the R2 and the 
D \-1 we res a tis f act 0 ry. 
Income was found to have little effect on ~onsumption; this was 
found to be so in most other studies (Greenfield, 1974; Breimyer, 
1968). However, it was included in the final equation, as it 
allows the income elasticity of demand to be calculated. This 
proved to tie +0.08; other available estimates are higher, 
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at around +0.65 (George and King, 1971; Edwards,1970), but appear 
to be declining slightly over tir:J.e (Regier, 1978). 
The response of consumption to changes in sheepmeat prices was 
significant at the 10% level, and this yields an elasticity of 
only -0.16 (other studies' estimates are in the range of -1.6 to 
-2.6). 
Demand for sheepmeat is strongly affected by the price of 
substitutes, and the equation showed that beef prices are highly 
significant. No other prices were included here, as 98J~ of the 
variation was explained by the given equation. USDA (1978) quote 
cross price elasticities of 0.589 for beef, 0.891 for pork, and 
0.234 for chi eke n, tho ugh. Th e c r 0 ssp ric eel a s tic i t yea 1 c u 1 ate d 
here for beef was 0.48, and the equation suggests that the cross 
price elasticity for all other substitutes is -0.40. 
Finally, the time trend was also highly significant, and 
reflected the long term decline in sheepr:J.eat consumption in the 
USA. 
5.3.11 The USSR. 
The USSR has the world's largest number ·of sheep and annual 
output of sheepmeat. Though productivity is lower than in many 
countries, domestic production has always provided at least 95% 
of domestic consumption. 
Sheepmeat consumption is fairly stable, at around 4kg, or 800Kt-
1,000Kt. Russian people generally have no prohibitions or 
inhibitions about eating sheepmeat, but consumption is restricted 
by low incomes and political forces which control product 
availabil'ity. There is little data on domestic prices and 
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incomes, but estimates by Sprott and Hearn (1974) suggest an 
income elasticity of 0.49. Consumer prices are heavily subsidised 
to maintain consumption, and the demand is still for a bulk meat 
such as mutton rather than lamb. 
To maintain availability in times of shortfalls in domestic 
production, imports have been permitted. For some time during the 
late 1960's the USSR was something of a bargain-basement hunter~ 
f> u r c has in g b u 1 Ie mea t s to fill the pro t e in gap. Re c e n t pur c has e s 
of r.1utton at higher prices suggest the recognition of both a need 
to compete in the world market, and the need to satisfy consumer 
demand. 
To obtain some information on the order of magnitude of the price 
elasticity of demand in the USSR for other countries' sheepmeat, 
a single equati~n regression for quantity of imports (MR) on 
price (DPW) and time (T) a proxy for income, taste, population 
growth and market development) was estimated. 
MR = 30.51 - 0.087DPW + 6.34T 
(0.43)* (0.82)* (4.66) 
R2=.62 DW=I.20 S=29.14 F(2,18)=14.69 
The equation explained the sporadic imports reasonably well, 
though the R2 value was only .62. This could be because the 
decision to import is in reality more complex, including for 
example political decisions, which are not known and cannot be 
included. The strong time trend however, indicated the 
improvement in living standards, and the effect of population 
growth (1.2% per annum) on demand for imports. 
Clearly the estimated perameters are of a very tentative nature, 
but even so, the estimates suggest that import demand for 
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sheepmeat is price responsive. From the equation a price 
elasticity of -1.83 ~.,as calculated, though the coefficient \-la8 
not significant. 
5.3.12 Rest-of-World sector. 
The demand side was completed with an import equation for the 
Rest-of-World sector, covering trade in such areas as Mexico, 
West Europe, Africa, Asia and many of the groups of islands. 
Imports have grown markedly, from 40Kt in 1960 to over 300Kt by 
the late 1970's, which is an increase from 7% up to 38% of world 
imports. 
Rest-of-World imports were determined by the world price of 
sheep meat (DPW), world beef prices (HPB), world-average income 
levels (HRNY) and a time trend (T). 
MRW = -78.86 + 0.58MRWI - 0.088DPW + 0.86WPB + 0.14WRNY + 3.88T 
(.73)* (2.55) (.59)* (1.46) (1.13)* (.94)* 
R2=.87 DW=2.02 8=36.79 F(5,14)=19.30 
The equation for this sector was fairly good, in respect to most 
coefficients having the expected signs, though not all were 
significant. 
The elasticity with respect to price was -0.40, but the 
coefficient was not significant. 
Beef appears as a substitute for sheepmeat at the international 
level; the equation gave a cross price elasticity of 0.66 and the 
coefficient was significant. 
The effects of rising incomes were picked up by WRNY. Consumption 
seems to be quite responsive to income levels, since the income 
elasticity was relatively high, at 0.89. 
.. ·.-- .. i 
138 
The time trend indicated that other factors have also had a 
strong effect on increasing consumption and trade from non-
traditional importers • 
-:-! 
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CHAPTER 6 
THE COMPLETE MODEL. 
6.1 Introduction. 
This chapter draws together from the previous three chapters the 
complete model of the international sheepmeat market, and 
examines various aspects of responses in the market. 
In Section 6.2 the equations used in the simultaneous model are 
,summarised and some of the model's properties are reviewed. 
Comparisons are made among the actual and the derived responses 
observed in each country. 
So far the assumption has been implicit that these responses are 
constant ever time. In Section 6.3 the responses are analysed to 
determine whether changes in the functional relationships have 
occurred. Implications are drawn from the results for both the 
model and its uses, and about the market itself. 
6.2 Responses in the model. 
(i) Elasticities. 
Price and income elasticities for sheepmeat that were estimated 
in the model are summarised in Tables 6.1 and 6.2. 
Caution must be taken in interpreting the estimated elasticities. 
Firstly, all elasticities of supply and demand with respect to 
p ric e s are c a I cuI ate d at the res p e c t i v e mea n s. ,As s u c h the y are 
point elasticities and may vary considerably if determined at 
differ~nt points. A further consideration is that the 
elasticities measure the derived supply and demand response to 
changes in world market prices, not domestic producer or consumer 
prices. This means that the elasticities are often lower than in 
-- '. -.',. -: .. :) 
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other studies, since derived demand and supply elasticities are 
generally smaller than actual (farm level) supply and (retail 
level) demand elasticities (see Section 3.4 and Foote, 1958). 
Horeover, the derived responses here relate to changes in real 
prices, whereas several studies ~.,ork with nominal values. It may 
be that failure to account for inflation would result in over-
estimates of the size of responses. 
An~ther reason for estimates being smaller than in other studies 
is that elasticities calculated here are short- and medium-run 
measures of response, which are generally lower than long-run 
responses. As is shown below, the derived elasticity therefore 
provides a lower bound to the estimated value of the actual 
elasticity. 
Finally, it may be that the price series used is not the relevant 
one. This could be the case where, for example, consumer 
preference is for fresh, locally produced sheepmeat, and there is 
only a small demand for frozen, imported product. Similarly, 
prices paid to farmers for live sheep at auction markets or 
slaughter-houses could be quite different from those prevailing 
in wholesale markets. In both cases it would not be suprising 
if there was little or no response to world market prices. 
(ii) Supply responses. 
On the supply side in 
reflects differences in 
general, the diversity 
production techniques 
of 
and 
responses 
farming 
structures between countries. The main determinants of sheepmeat 
supply were found to be prices of sheepmeat, wool and beef, 
previous levels of supply, weather conditions and trend factors 
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such as technological improvements. 
The results in Table 6.1 show that production responsiveness to 
economic factors is small, and in many cases the coefficients 
have the 'wrong' sign and are not statistically significant. It 
is difficult therefore to make inter-regional comparisons and 
TABLE 6.1 
Supply Responses in the Model 
:::ountry Elasticity With Respect Coefficient of: 
to Price of:** Lagged 
Dependant 
Sheepmeat Wool Beef Variable Time 
~rgentina 0.01* 0.13* -0.17* .85 -0.23* 
~ustralia -0.10* -0.23* 0.30* .46 -4.69* 
:::anada -0.29* 1.12 .66 
!:EC (8 ) -0.009* .63 2.09* 
~ast Europe 1.27* 1. 20 
;reece 0.16 .76 0.45 
[ran .77 4.27 
~Z 0.01* 0.06* -0.02* 1.03 
JK -0.13* 0.27* 0.29* .39 
JSA -0.005* -0.07* .97 
.... -- I 
I 
: .. _, .•.. <.-., l~est-of-\oIjorld 0.54 .45 2.65 
Coefficient not significant at 10% level. 
* Lag of two years. 
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draw general conclusions. The elasticities have a number of 
interesting features, nevertheless. 
Responses to changes in sheepmeat prices varied widely, from 
approximately zero in Argentina, to 0.16 in Greece. Producers in 
traditional exporting countries (NZ, Argentina and Australia) 
showed little response to world price changes. Price responses 
were larger in the non-traditional exporting regions, East Europe 
and the Rest-of-World sector, as these are excess supply 
elasticities. 
In five cases the own-price elasticities were negative, which is 
hard to justify in this form of model, as was discussed in 
Chapter 4.* Unless an alternative reason can be given for why 
responses sh~uld actually be negative after two years, causes of 
the perverse responses must be looked for in the modelling 
process itself. It was suggested in Chapter 4 that producers 
react to relative, not absolute price changes. In certain cases 
this was shown to be true, but the responses still had negative 
coefficients. Another reason could be that the price deflators 
used are inappropriate, in that they fail to account for either 
the timing of, or the size of producers' responses to actual 
price changes. Similarly, as outlined above the price series used 
could be inappropriate, which would also account for the lack of 
significance among the coefficients (it should be recalled that 
these are derived responses to world, not farm-gate prices). 
* To ac~ount for apparent inconsistencies some of the equations were 
re-estlmated and an additional forecast made (see Section 7.3.2). 
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Long-run elasticities are not calculated, partly because of the 
negative responses and these problems should be borne in mind 
when using the model for forecasting. 
~yool generally appeared as a complementary enterprise to 
sheepmeat production. Responses were similar in NZ and Argentina 
where sheepmeato is the main product from the industry. In 
Australia, where wool is the main product, the response to 
changes in .wool prices was greater and 
g i v en inCh apt e r 4. 
negative, for reasons 
In virtually all cases the elasticities with respect to beef 
prices were not significant. Some were positive in the medium 
term, indicating that producers were reducing sheep numbers to 
replace them with cattle. 
Thus in the majority of equations economic factors were not 
important. The lagged dependant variable and the time-trend 
coefficients were the most significant and the two variables had 
most of the explanatory power. 
From the theory in Chapter 4 it will be recalled that production 
in current periods is affected by the relationship between 
. production and sheep numbers in previous periods. Unless this is 
a linear relationship the coefficients of the lagged dependant 
quantity variable cannot be justified with a simple partial 
adjustment approach. Estimates of the functions were not made, 
. . '. for rea son s g i v e n pre v i 0 u sly ; con seq u e n t 1 Y the a 1 t ern a t i v e 
justification advanced in Section 4.2 is accepted. In this case 
the lagged dependant variable indicates the extent to which 
farmers are guided in their production decisions by supply in the 
previous period. 
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The coefficients of the lagged dependant variables ranged from 
0.39 to 1.03. A common feature \vas that large coefficients were 
associated with low responses to sheepmeat price changes. This 
could imply that producers who are slow to adjust are bound by 
traditional and physical constraints. They are not able to 
respond rapidly to changes in relative price levels, because of 
t~e difficulty of shifting factors in and out of sheepmeat 
production. For example, much of the world's sheep farming takes 
place on marginal land which has few alternative uses. 
Alternatively, if in reality producers respond to some price 
series other than the one used, the lagged dependant quantity 
variable is likely to be highly significant as it will compensate 
for the lack of economic explanation in the equations. 
The response to time shows the underlying secular trend around 
which the price responses occur. In virtually all cases there was 
an increasing trend (the coefficient of 'T' being positive), 
since it was a proxy for such things as technology and heavier 
a v era gee arc a sew e i g h t s • I n two cas e s ( Ar g e n tin a and Au s t r ali a ) 
the technological effects were outweighed by overall long term 
! trends and produced a negative coefficient. 
(iii) Demand responses. 
On the demand side there are differences in the base levels of 
co n sum p t ion and the ref are, a sis s how n i n Tab 1 e 6. 2, d iff ere n t 
responses were observed. The main determinants of demand were 
found to be prices of sheepmeat and other meats, income levels, 
tastes and other trend factors. 
... 
TABLE 6.2 
Demand Responses in ~he Model 
country Elasticity With Respect To: Coefficient of 
Time Trend t 
Own-Price Income Beef Pork Chicken All Other Goods** 
Argentina -0.18 -0.21* +0.23 +0.16 (-0.11)* 
Australia -0.54 +0.27* +0.69 -0.42 -1. 47 
Canada -0.99 +2.79 +1.87 -3.67 -0.13 
EEC (8) -0.12* -0.19 +0.15* +0.16 +0.05 
Greece -0.16* +0.19* -0.03 +0.24* 
Iran -0.28* +0.41 -0.29 (+0.01)* 
Japan -0.94 +1.02 +0.36* +1.18 -1.62 
NZ -0.15* -0.94 +0.36* +0.73 (-0.42)* 
UK -0.14 +0.95* -0.25* +0.13* -0.35 -0.34 -0.50 
USA -0.16 +0.08* +0.48 -0.40 -0.08 
USSR -1.83* +6.34 
Rest-of-World -0.40* +0.89 +0.66 -1.15 +3.88* 
* Coefficient not significant at 10% level. i-" 
~ 
** Calculated from homogeneity condition. U1 
t Brackets denote coefficient obtained from other (i.e. not final) equations. 
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The price responses showed more similarity than on the supply 
side and tended to be more significant and greater than the 
medium term supply elasticities. 
Sheepmeat price changes generally gave less than proportionate 
changes in consumption, as in all cases the elasticities lay 
between zero and minus one. Aggregation of individual price 
elasticities, weighted by average market share, gives an 
approximation of the world average derived demand elasticity for 
she e p mea t. Th ish a s a val u e 0 f - 0 • 2 8 • 
In cases where it was possible to include prices of other meats 
explicitly the responses were found, as expected, to be mainly 
positive and less than unity. The main substitutes were 
identified as beef, pork and poultry meat. Because of 
difficulties in determining responses for all substitutes, rough 
estimates of cross price elasticities were obtained from the 
homogeneity condition. This gave a wide range of values, which 
frequently showed that some goods would be complements to 
sheepmeat, depending on taste and relative price factors within 
the country concerned. The small size in cases such as Iran 
indicated that there are few substitutes. Where large values were 
obtained (eg. NZ) there are many other meats eaten. 
The income elasticities of demand showed that in a minority 'of 
cases sheepmeat is an inferior good, with consumption falling as' 
incomes rise. In the majority of countries sheepmeat consumption 
rises as incomes rise, and these countries exhibited an average 
elasticity of 0.75. 
For many agricultural commodities the rate of increase of income 
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largely determines the level, pattern and variation in per capita 
consumption. This is especially so in developing countries. 
However, for sheepmeat the effect was not so pronounced (except 
for the Middle East countries) and it tended to be taste factors 
which determined the quantity of sheepmeat eaten. 
The estimated secular trends (indicated by the coefficient of 
'T') showed that almost all the significantly non-zero trends 
were negative in the traditional, high level consumption 
countries, reflecting the shift away from sheepmeat consumption. 
The shift in consumption shares a'vay fro:n the traditional 
countries to new markets is associated primarily with these 
negative trends. In the growing import markets, such as the 
EEC(8), Greece, Iran, the USSR and the Rest-of-Horld sector the 
trends were evidence of increasing consumption levels. 
Dummy variables were included in three cases in the demand 
functions. They represented the effects of political disturbances 
in Iran, Greece and Argentina, and there was a suprising 
similarity in the results. In all three cases consumption fell 
immediately by between 1.7 and 2.7kg. Only in Argentina was there 
any evidence of the disturbances affecting supply to any extent; 
in both Greece and Iran the fall in consumption corresponded to 
reductions in trade. 
In general both supply arid demand responses confirmed estimates 
for individual countries calculated by others. The value of 
having re-calculated them was obtaining estimates for countries 
and regions which were not available previously. It also ensures 
that responses were calculated on a uniform basis, and would be 
appropriate therefore for comparison and for further use later in 
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the study. 
(iv) International trade and prices. 
The system is completed with a set of relationships representing 
trade flows. These trade flows are determined as the residual of 
domestic supply and demand. For example (as was discussed in 
Chapter 2, and analysed quantitatively in Chapters 4 and 5) the 
demand for imports in the UK has declined. This was caused by a 
fall in consumption as a result of relative price and taste 
changes, and increasing self-sufficiency levels as supply has 
remained stable. 
Similarly in the Middle East, rapidly growing incomes and 
population have increased total demand for sheepmeat at a greater 
rate than production. These different growth rates were reflected 
in the outward shift in the excess demand curve during the 
1970's. 
The world market-clearing price is determined by the simultaneous 
interaction of supply and demand each of the main trading 
countries or regions. As was shown in the previous section, the 
'<'.-'-'-.' ,>. - elasticity of demand with respect to prices tended to be greater 
than that of supply, though responses on both sides were low. A 
dynamic model where the supply curve is steeper "than the demand 
curve is likely to have convergent properties. Following a change 
in output in one period, the oscillations in price and quantity 
become smaller in succesive time-periods until equilibrium is 
eventually established. 
Moreover, because of the low degree of market protection, 
--' .. :-, 
149 
fluctuations in anyone market are !!lore readily transmitted to, 
and hence absorbed by other markets. (Not like, for instance, the 
wheat market, where the degree of protection has led to a small 
and highly unstable residual market (Zwart and Meilke, 1979)). 
Sheepmeat prices have shown some instability, especially in the 
short term, which is partly a result of the very low responses of 
both supply and demand. This is particularly so in the mutton 
market, as the elasticity of demand and supply tend to be much 
smaller for mutton than for lamb (DECD, 1979). It was not 
possible though to investigate the latter because of the 
aggregation of mutton and lamb in the model. 
(v) Derived and Actual reponses. 
The reactions discussed so far were those of ~roducers and 
consumers to changes in the world price, and this, as was 
outlined in Section 3.4, may differ from the reaction to changes 
in domestic prices. Unfortunately, because of lack of information 
on retail and farm level prices it was not possible to determine 
the actual producer and consumer responses. Thus the act~a1 
elasticities were approximated from derived estimates (from 
Chapters 4 and 5) and information on price transmission between 
world prices and wholesale prices (from Appendix 3). 
In comparison to the elasticities given in Tables 6.1 and 6.2 
there was little difference between the actual and derived 
estimates, as the transmission elasticities used were close to 
unity. However, since not all factors which restrict trade are 
included in the price transmission elasticities, they could be 
considerably less than one, and as the derived elasticities 
provide a lower bound to actual elasticities, 
elasticities could be significantly larger. 
the actual 
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6.3 Changes in functions over time. 
It was noted in Chapter 2 that the values of the endogenous 
variables changed considerably over the period 1960-80. Where 
sudden changes in the structure of su~ply and demand were clearly 
identifiable (from graphical analysis) dummy shift variables were 
introduced in the estimated equations. The inclusion of time as 
an explanatory variable accounted for long term trends resulting 
f.rom changes in technology and taste factors. 
Th e tim e - s e r i e san a ly sis so far has ass u m edt hat the co e f f i c i e n t s 
of the explanatory variables remained stable over the period. 
With the advent of higher actual prices, rapid price changes and 
£luctuating real incomes, the relationships between the dependant 
and these independant variables might also have changed. This was 
tnought to be especially likely to be shown up by analysis 
including post-1973 data, which would incorporate the effects of 
the oil-price rise shock. 
This type of systematic shift is illustrated with the demand 
curves in Figure 6.1. 
p FIGURE 6.l. 
Changes in Demand Curves Over Time 
Q 
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There are essentially two methods of determining whether a shift 
has occurred. The first tests the difference between the 
functions, ~.,hereas the second tests the difference bet~leen 
specific coefficients. 
To test whether the structure of the function has changed over 
time the data from the two time periods was pooled and the Chow 
test applied to the results. * 
,.Alternatively the equality of individual coefficients can be 
- ~ i 
** tested using the 'H' test proposed by George and King (1971). 
* The test (Chow, 1960) requires the computation of the formula; 
F* = [{Sp - (81 + 82)}/K]/[(Sl + S2)/(n1 + n2 - 2K)] 
where Sp, Sl and S2 are the sum of squared residuals from the 
'pooled' function and the functions in time periods 1 and 2 
respectively; n1 and n2 are the sample sizes in these periods, 
! 
and K is the total number of explanatory variables. 
The observed F* ratio is compared with the F value (with v1=K, 
and v2=n1+n2-2K degrees of freedom). If F* > F, the two functions 
differ significantly. 
** The test shows that if a1 and a2 are coefficients obtained in 
two time-periods, with standard deviations Da1 and Da2, the 
difference between the estimates is significant if; 
la1 - a21 < t1.Dal + t2.Da2 
. where t1 and t2 correspond to the t-values of the coefficients. 
~ -;-, -', -, '- --
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In order to assess the impact of more recent years on the 
sheepmeat model coefficients, the data used in the analysis was 
divided into two periods, 1960-70 and 1970-80, and the equations 
re-estimated. 
In view of the short til!l.e periods for estimation not all of the 
responses conformed to a priori expectations. Moreover, virtually 
none of the coefficients were significant. The relationships are 
therefore more useful for the purpose of comparing coefficients 
resulting from the use of different time periods rather than as 
models in themselves. 
In Tables 6.3 and 6.4 a summary of the results of the re-
estimated equations is presented. Coefficients for price, income 
and the lagged dependant variables are reported for each of the 
time-periods. 
The results appeared to suggest that responses have changed over 
the two decades, so the null hypothesis of no-change in the 
functions was set up. Firstly, application of the Chow test 
indicated which equations had changed. As is shown in the tables, 
there was a significant difference in seven equations. Thus it 
was necessary to test the coefficients to determine which had 
actually changed. The results of applying the 'H' test are shown 
in the tab Ie s (d e not e d by' t' ). 
In the case of the monetary values only half the coefficients 
showed any significant change. It was not possible to draw any 
general conclusions about the size or direction of these changes, 
in relation to either each other, or to the dependant variables. 
It was possible to draw some conclusions about the coefficients 
of the lagged dependant variables. All the coefficients showed a 
'::' 
:~; . 
TABLE 6.3 
Comparis()n of S_l.!pplyRegression Coefficients: 1960-70 
Country Actual Change in Coefficient of: 
Volume Lagged Dependant Variable 
1960-80 1960-70 1970-80 1960-70 
(%) 
Argentina -21. 9 S .95* -.02*t .00063 
Australia -10.2 1.06 .58 t -.0554* 
Canada -34.3 S 1.25 .07*t -.00063* 
:SEC (8) +23.2 .79 .27*t -.0024 
Greece +31.9 .55 .94 t -.00076* 
Iran +74.7 .64 .25*t 
NZ +2.6 .51* .88 t .089 
UK -1.5 .13* .24*t .516* 
USA -39.8 .83 .77 t .081* 
Exports 
East Europe +178.6 S .130 
Rest-of-World +116.2 .27* .12*t -.0055* 
s Indicates significant change in equation. 
* Coefficient not significant at 5% leve~. 
t Significantly different from previous period. 
1970-80 
Price 
1970-80 
.00002*t 
1. 0945 t 
-.00928 t 
.0087* 
.0010 
-.157* 
-.490* 
-.034* 
-.001* t 
.0319*t 
I-' 
lJ1 
W 
". 
TABLE 6.1 
Compari.son of Per Capita Demand Regression Coefficients: 1960-70 1970-80 
Country 
Argentina 
Australia 
Canada 
EEC (8) 
Greece 
Iran 
Japan 
NZ 
UK 
USA 
,:Imports 
USSR 
Rest-of-World 
Actual Change in 
Volume 
1960-80 
(% ) 
-28.6 
-30.8 
-27.8 S 
+34.4 
+10.6 S 
+39.5 
+60.0 S 
-23.0 
-24.3 
-47.4 
+1178.2 
+137.2 
T900-70 
-0.633E-06* 
-0. 117E..,.01* 
-0.165E-02* 
-0.506E-04* 
0.177E-03* 
0.397E-05* 
0.759E-06* 
0.112E-Ol* 
-0.327E-02* 
-0.106E-02 
0.198E-Ol* 
0.104* 
s Indicates significant change in equation~ 
* Coefficient not significant at 5% level. 
t Significantly different from previous period. 
Coefficient of: 
Price 
Ig70~~0 1960-70 
-0.207E-05*t -0.106E-03* 
-0.188E-03*t 0.233E-Ol 
0.1l5E-02*t 0.217E-03* 
0.157E-03 t 0.552E-03 
-0.186E-03* 0.319E-03* 
-0.427E-04* 0.166E-03 
-0.254E-05* 0.183E-02 
-0.348E-Ol* -0.469E-02* 
0.716E-03* 0.137E-Ol* 
-0.163E-03*t -0.134E-04* 
-0.221*t 
-0.101* -0.354E-Ol* 
Income 
1970-80 
-0.548E.,.03*t 
-0.510E-02* 
-0.536E-03*t 
0.229E-03 t 
0.484E-03* 
0.790E-04 t 
0.267E-02 t 
0.112E-01* 
0.259E-Ol*t 
0.182E-03 
0.368 
I-' 
U1 
~ 
.. '! 
· _ .. ' .' .. ~ -. - ~ 
.' ~ - ... '
155 
significant change over time; in most case they were considerably 
sma I I e r i nth e 1 9 7 0 - 8 0 per i 0 d. Th i s imp lie s t hat pro due e r s are 
now able to adjust more rapidly than previously. 
One reason for the increased responsiveness is that as farmers 
adopt new technology they are more readily able to make changes, 
and are less bound by traditionalism and phy~ical restraints. 
However, it may be that the coefficient of the lagged dependant 
,variable will become larger again in future, as specialisation 
increases. 
In most cases then, apart from the lagged dependant variables, 
there was little statistical evidence to indicate that the 
coefficients had changed, and overall the results were 
inc 0 n c Ius i v e. Th e I a c k 0 fan y de fin it e c han g e was a Iso not e d by 
Regier (1978), so there was no justification for re-estimating 
the model in time-varying parameter form. HOHever, if no 
allowance is made for changes that might occur, it could lead to 
problems in projecting the endogenous variables. From the results 
found here the effects are likely to be negligible, except where 
the coefficients of lagged supply are changing significantly over 
time. This would give an over-estimate of the supply trend and 
implausible results. Further discussion of this point is left to 
Chapter 7 • 
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CHAPTER 7 
MODEL SIMULATION. 
(I) Validation, (II) Forecasting. 
7.1 Introduction. 
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Simulation analysis (ie. the mathematical solution of a 
simultaneous set of equations) is carried out for many purposes. 
These include "model testing and evaluation, historical policy 
analysis, and forecasting. Usually the Time horizon over which 
the simulation is performed will depend on the objective of the 
simulation", (Pindyck, 1976). In this chapter both ex post and ex 
ante simulations are carried out. The objective of performing a 
historical simulation over the period 1960-80 was to validate the 
model. The objective of performing an ex ante simulation over the 
"1981-90 period was to provide forecasts and a Base simulation for 
comparison in the following chapter. 
7.2 Validation. 
: 7.201 Solution of the model. 
Since this is a deterministic model,* variables predicted from 
;the solution of the estimated structural relationships can be 
compared with actual market behaviour to determine the accuracy 
and validity of the model. A satisfactory model implies one in 
." .. 1 * 
Since 
.. - -.- >:"~'.: ·.--ccl 
the model is essentially concerned with determining the 
average, or usual impact of policy changes, neither source nor 
degree of any random instability ,.,as incorporated. As one study 
shows (OECD, 1979) instability is generally not a problem in the 
sheepmeat market anyway, and therefore stochastic simulations 
Were not performed. 
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which the estimated equations have captured a significant amount 
of the systematic, non-random variation in the market. That is, 
the endogenous variables in the model approach closely their 
actual values, given the values of the exogenous variables. 
The model developed in preceding chapters . 1 . * 1.S non- 1.near and 
d Y n ami c, 's 0 s i m u 1 a t ion bas e don the sol uti 0 n 0 f the s t r u c t u r a 1 
form avoids methodological problems (Naylor, 1971) (in the 
presence, for example, of lagged variables). 
Solution of the structural form of the model requires the use of 
an iterative procedure, such as those of Gauss-Seidel, Newton or 
Jacobi. Newton's method is used here since, like the Gauss-Seidel 
algorithm "it has the advantage of allowing an immediate and 
direct solution of a system of equations. The matrix of 
coefficients derived from the equations is multiplied directly by 
the price and quantity variables, the latter being separated into 
appropriate (simultaneous and recursive) blocks". This "permits 
the resulting model solutions to converge in a very short time" 
in models such as this, and is used instead of Gauss-Seidel 
because there are non-linearities but nothing "more complex than 
products and quotients", (Labys, op.cit.). Details of the 
solution method can be found elsewhere (eg. Pennington, 1967). 
Even though the equations achieved a good degree of 'fit', a~ 
shown in Chapters 4-6, the inter-relationships between the 
equations may not provide a realistic simulation of the market 
over the sample period, since the model represents a simultaneous 
dynamic system. To account for this, validation of the model 
* Although the behavioural equations were all linear, the 
identities contain mUltiplicative terms. 
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proceeded in three stages. In the first stage static simulations 
of each of the endogenous variables in the model were performed 
and tested for performance against the actual value. Secondly, 
values of the endogenous variables were predicted using dynamic 
simulation; in this simulation the focus was on the performance 
of the model as a system, and its ability to predict key 
variables, such as trade and prices over time. 
Finally, the structural model was compared with alternative model 
specifications to determine which performed most satisfactorily. 
The rest of this section outlines the criteria selected to 
validate the model's performance over the estimation period. 
Subsequent sections detail their application in each of the three 
stages of validation. 
7.2.2 Validation Criteria. 
In selecting criteria for validating the model it is assumed that 
the final model is as presented in Chapter 6, and that the 
behavioural relationships contained in the model satisfied 
conventional tests, such as 'F', 't' and Durbin-Watson tests. The 
>:: .. :: > -: - m 0 s t e f f i c i ~ n t c r i t e ria for t h en determining the validity of the 
mod e l' sou t put are par a met ric t est s. Th e sin g 1 e poi n t c r it e ria 
used here (as suggested by Kost, 1979) measure the forecast error 
between actual and simulated observations. Four types of measure 
are applied; the' correlation coefficient, Theil's Inequality 
coefficient, Nean Absolute Relative Errors (HARE), and Root Hean 
Square Errors (RMSE). Further, graphical examination of the 
actual and simulated values provides information on turning 
points. 
:_-.:-.<'-'-
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The correlation coefficient and R-square CR2) measure the 
proportion of variaton explained by a linear regression of 
predicted on actual values. 
The deviation of a simulated variable from the actual path is 
~easured by either the MARE, which is defined as; 
MARE 1 = if 
T 
L 
t=l 
where T = the number of periods simulated 
S = the simulated level of the variable at t, 
A = the actual value of the variable at t. 
or by the RMSE, which is defined as; 
RMSE 
The RMSE is a better criterion of performance than the MARE when 
the dependant variable exhibits fluctuations and turning points 
(s u c has s up ply i n Au s t r ali a and N Z ). I t pen ali z e s 1 a r gee r r 0 r s 
more heavily if, for example, the simulated series misses a 
turning point in the actual series. The RAHE does not have such 
an easy intuitive interpretation as the MARE but is mor~ commonly 
used by researchers to assess forecasts. The MARE is also of 
Ln t ere s t w her e the d e pen dan t va ria b lee x h i bit s a s tea d y t r end , 
such as consumption in the EEC(8) or the USA (Pindyck, 1976). In 
tchis· case "the concern is only how far above or below the actual 
trend line is the s i m u I ate d s e r i e s " (P i n d y c k, 0 P • c it.) and not 
how well fluctuations are explained. Since both types of variable 
are endogenous to the model both measures are reported. 
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Theil proposed the Inequality coefficient as a measure for 
analyzing accuracy. Several definitions of the coefficient exist 
(Kost, op.cit.). Theil's first measure (Ul) is employed here, 
which is defined in terms of changes in variables; 
Ul = 
T 2 
l: (At - A t - 1 ) t=l 
The Inequality coefficient ranges between zero and one, with Dl=O 
w hen per fee t s i m u 1 a t ion e xis t S., The ve r s ion allow s com par i son 
across models, since the base from which predicted and actual 
values are measured is fixed. Moreover, it overcomes sensitivity 
to additive transformation of variables; Kost (op.cit.) suggests 
that this is a potential problem in cases such as this, where 
levels of endogenous variables change markedly. 
7.2.3 Static simulation. 
As an initial validation of the model a static simulation 'was 
performed; the method uses the actual values of the lagged 
endogenous variables from the input data, where applicable. 
Summary statistics were calculated to measure the goodness of fit 
bet wee nth e act u a 1 and t hie pre die ted t i r.1 e s e r i e s. Res u Its 0 f 
these measures were typically larger than those in the earlier 
residual checks, as static simulation allows for interactions 
among current period endogenous variables. Because the static 
simulation is simultaneous though, it enables the prediction of 
price and trade which were not dealt with in the single equation 
system above. 
162 
A summary of the results of the simulation, performed over the 
years 1960-80, is presented in Table A5.1 in Appendix 5. The 
results were generally good, with only four values of R2 below 
0.5, and the majority close to 0.9. 
The RHSE's were smallest on the supply side (averaging 6.0%), 
though on the demand side the largest was only 17.5%, and the 
average 9.2%. The MARE's were smaller, with the largest being 
14.9%, and the average 6.1%. 
All the Theil's Inequality coefficients were close to zero, which 
indicates that this model is significantly better than a no-
change forecast model. A decomposition of the Inequality 
coefficients showed that errors are due primarily to differences 
in the covariation between actual and predicted values, which 
indicates missed turning points. Little can be done about this 
problem (Koutsoyiannis, 1977). Host other covariance terms 
approached one and other components approached zero, though the 
statistics are not reported here. 
In Table 7.1 statistics of fit for the complete model, including 
the net trade variables are presented. The average RMSE was 
TABLE 7.1 
Goodness-of-Fit Statistics for the Complete 
Model (1960-80) 
Statistic Model 
(Average) 
Static Dynamic Linear Trend 
MARE (% ) 12.6 12.4 17.4 
RMSE (% ) 16.7 15.6 19.5 
R2 
.76 .72 .56 
Theil's Ul .07 .07 .09 
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16.75%, the HARE was 12.57%, the Theil's Ul was 0.07 and the R2 
was 0.76. This indicates that overall the model performs 
satisfactorily, \vithin the limitations of static simulation. As 
the results are similar to those in the dynamic simulation more 
detailed discussion of individual variables is left to the 
following section. 
7.2.4 Dynamic simulation. 
In this section within sample performance is considered by 
examining the dynamic·simulation. The simulation was dynamic in 
that for the n-th simulation period lagged dependant variables 
from the (n-i) previous periods are given, not by lagged actual 
values, but by lagged simulated values. Dynamic simulation errors 
will therefore typically be larger than those in a static 
simulation, since errors can be propogated throughout the system, 
both by interactions among current period endogenous variables 
and by interactions among current and lagged dependant variables. 
By its nature the model contains several variables that are 
relatively unimportant, and the questions that promoted the study 
relate to specific key variables, with most research being 
concentrated on them. As (Kost, op.cit) suggests, reliability of 
the mo~el should therefore be based on how well these key 
variables are predicted. This approach narrows the range of 
focus, but whilst it is recognised that all the variables are of 
some importance the study concentrates on net trade and the price 
mechanism. 
Goodness of fit measures were determined for all the endogenous 
variables and similar measures as were given with the static 
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simulation are presented in Table 7.2. 
The supply simulations traced the major moves in production well, 
though they tended to understate the degree of short-run 
variance. As was noted in Chapter 6, the longer term changes are 
accounted for by the trend and lagged dependant variables, 
whereas economic factors which might be expected to be the main 
short-run influence, were generally not significant. 
The largest RMSE's were in Argentina and Australia, both regions 
where production has fluctuated widely. These errors reflect the 
lack of adequate specification, possibly 
alternative enterprises, or of functional form, 
statistics of the original equations indicated. 
of weather or 
as the R2 and DH 
The percentage error for demand was marginally bigger than that 
Eor supply. It was greatest for non-traditional consumers, where 
demand patterns are irregular. The model did best therefore on 
the demand side with traditional, dominant consuming nations 
which exhibit distinct long term trends. However, it tracked 
moves in consumption well in general. For only three countries 
was the RMSE over 10%, and the average was 9.25%. 
The correlation (as indicated by R2) between the actual and the 
simulated values of the variables was high. Moreover, comparison 
o-f th e R 2 , s 0 f the s i m u 1 ate dan d 0 rig ina 1 e qua t ion s ( Tab 1 e 7. 2 ) 
shows that the equations generally performed as well in the 
si.mulated system context as they did individually. In most cases 
the R2 of the simulated equation reflected the level of 
explanation in the original econometric relationship. 
Examination of the graphs of actual and simulated values of 
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production and consumption variables (not sho'Wn here) indicated 
that the equations performed better in predicting the level of, 
rather than changes in variables. There did not appear to be any 
problem of compounding of errors in the long tern, ~vhich 
increases the usefulness of the model as a predictor. (The ex 
ante sinulations are dynamic, so divergencies of estimated from 
actual values are less likely to be passed on to the next time 
period). In cases where the coefficient of the lagged dependant 
variable was close to one and had most of the explanatory power, 
the graphs showed evidence of positive correlation between it and 
the dependant variable. 
The ability of the model to predict trade flows over time is a 
sensitive test, as ,net trade is calculated as a residual of 
production and demand in each region. Again, it can be seen that 
the simulated results reflected long-run changes and trends in 
the actual variables. Examples of three major trade variables are 
given in Figures 7.1-7.3. In general the residually calculated 
trade flows had a lower degree of explanation than individual 
supply and demand variables. The individual cases where trade has 
been highly erratic (e g. East Europe, Iran and the USSR) have 
quite large RMSE's, but for the main regions of interest (NZ, 
Australia and the EEC) the results were satisfactory. 
The RMSE of total world trade is only 8.4%, and it can be seen in 
Figure 7.1 that, despite the degree of variability, most turning 
poi n t s are pre d i c ted. Th e un d e r - pre d i c t ion 0 f t r ad ear 0 un d 1 9 70 
is largely a result of the model's failure to pick up the surge 
in imports in Iran and Japan, and in exports from NZ and 
Australia. Similarly, the full extent of the decline in 1973/74 
Variable {I} 
SAR 
SAU 
sc 
SEC 
SG 
sr 
SNZ 
SUK 
SUS 
PCAR 
PCAU 
PCC 
PCEC 
PCG 
pcr 
PCJ 
PCNZ 
PC UK 
PCUS 
TABLE 7.2 
.... ,.,' -'. 1'" 
Summary of Goodness-of-Fit St~tistics for Each Endogenous Variable 
1960-80; Dynamic Simulation 
RMSE {%} MARE (% ) Theil's U1 R2 R2 of Original Equation 
12.66 8.83 .06 .57 .77 
14.22 10.86 .07 .46 .57 
11. 03 9.21 .05 .91 .91 
2.42 2.02 .01 .96 .96 
5.80 5.20 .02 .87 .95 
11.53 8.27 .05 .89 .94 
4.51 3.51 .02 .60 .65 
6.27 4.85 .03 .06 .27 
4.69 3.70 .02 .97 .98 
7.41 6.01 .03 .90 .92 
10.66 8.39 .05 .84 .89 
17.98 14.41 .08 .67 .60 
3.47 2.77 .01 .97 .93 
5.48 4.42 .02 .65 .75 
9.17 7.03 .04 .88 .86 
16.08 13.04 .07 .77 .77 
14.63 10.47 .07 .50 .50 
2.56 2.~5 .01 .97 .97 
5.13 3.68 .02 .97 .98 
(Table 7.2 Cont ••• ) 
I-' 
0'\ 
0'1 
Variable (1) RMSE (% ) 
XAR 42.67 
XAU 23.60 
XNZ 7.27. 
XEE 43.67 
XRW 14.60 
MC 26.12 
MEC 19.93 
MG 29.34 
MI 87.90 
MJ 15.72 
MR 56.36 
MUK 7.89 
MUS 36.79 
MRW 19.21 
MW 8.39 
PW 8.55 
(1) As defined in Appendix 1. 
TABLE 7.2 (Cont.) 
MARE (%) Theil's U1 
37.32 .21 
16.06 .10 
6.05 .03 
35.21 .15 
11.56 .06 
20.16 .12 
17.73 .09 
23.22 .12 
68.33 .31 
12.71 .07 
43.34 .23 
6.50 .04 
28.79 .16 
15.14 .08 
6.16 .04 
6.77 .03 
· . ,~ . 
R2 
.01 
.40 
.42 
.79 
.88 
.55 
.94 
.84 
.62 
.82 
.63 
.91 
.64 
.87 
.72 
.98 
R2 of Original Equation 
.78 
.93 
.62 
.87 
f--' 
0"1 
-...) 
FIGURE 7.1 
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Actual and Predicted Values of World Sheepmeat Prices 
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in response to the sharp increase in world prices is not 
captured. 
The world market price in the model is determined by the 
simultaneous interaction of supply and demand, such that there is 
global equilibrium. The most stringent test of the model's 
performance is therefore its ability to predict prices. As can be 
see n i n F i gu r e 7. 4 the s i m u 1 a t ion pat h 0 f the w 0 rId p ric e 
generally reflected the moves in market prices well. Not all the 
turning points were predicted in the early years but again, the 
model predicts quite closely the level of prices in the 1960's. 
The rapid increase in real price in 1973 is simulated and the 
extent of that increase (over 70%), is largely captured. Since 
this is the key variable in the system its performance increases 
confidence in the model. 
Several goodness of fit measures for the complete model are 
presented in Table 7.1. The sample period simulations appear 
quite satisfactory. The dynamic simulation of the sheepmeat model 
exhibited a 15.62% average RHS error. The other measures indicate 
that the dynamic forecasts were unbiased, and explained a major 
proportion of actual variation throughout the historical period 
off it. Th eave rage R 2 0 f the com pIe t e mod e 1 was 0 • 7 2 • 
7.2.5 Comparison with alternative model specifications. 
Th e val ida t ion res u Its dis c u sse d s 0 far h a ve bee nab sol ute 
measures of the model's goodness of fit, comparing the estimated 
model relative to the perfect forecast model. 
An alternative method of validation is to compare its 
specification with those of other models. Since no other global 
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sheepmeat models have been constructed this was not possible at 
the complete model level, though it was done at the individual 
equation/country level in Chapters 4 and 5. Labys and Kost 
(op.cit.) suggest two other types of simple model which can be 
constructed for comparison ~vith the forecasting behaviour of the 
structural model. The first is a 'no-change' model, which assumes 
that next year's forecast will be the same as this year's actual 
,level. The second type of model is a 'time-trend' model, where 
each endogenous variable is estimated to be a function of time 
only. Unless the structural trade model performs better than the 
simple models it is less useful as a forecasting tool, though it 
is still important for achieving the objectives of the study, in 
t e r m s 0 f mar k eta n a I y sis. Howe v e r , a s the res u Its s h 0 ~v, the 
structural model proved superior to both alternatives. 
Examination of the time paths of each of the endogenous variables 
indicated that the no-change model is not relevant to the 
sheepmeat market. As was shown in Chapter 2, significant 
structural changes have taken place throughout the industry in 
the 1960-80 period. Also, as the Inequality coefficient showed in 
the two previous sections, the model performs significantly 
better than forecasts based on a no-change situation. 
The time-trends model however, provides a more interesting 
com par i son, sin c e man y for e cas t s are mad eon ,t his bas is, ( e g • 
Bourke, 1979; FAO, 1979). Trend extrapolation could have been 
approached in many sophisticated ways (for example, using the 
Box-Jenkins technique), but since the sheepmeat model employs 
data from 1960-80 only, too few observations were available to 
,.,,-.. --::i 
-. - - :-:-::>:-.:j 
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develop such methods, and a linear time trend was used instead. 
In Table A5.2 (Appendix 5) the linear trends model results are 
presented and in Table 7.1 the summary statistics for the 
structural and linear trend models are shown. These indicate that 
in most cases the simulation of the structural model is superior 
to the linear trends model. 
A rather naive trend model was used, and the trend model results 
could probably be improved if appropriate trend equations were 
chosen for each variable, rather than routinely choosing the 
linear form for all cases. In order to determine what type of 
function should be used, the time paths were examined. It became 
quite obvious that any forecast from reasonably simple time 
series models is unlikely to perform better than the structural 
trade models, due to the large variation between observations. 
The structural model also gives the advantage of providing a more 
detailed analysis of the underlying structure of the 
international market, which can be extended and refined as 
required. Therefore, since it provid~s equal or better forecasts, 
as well as a structural model framework, the trade model was 
concluded to be better than a time-series approach. 
In conclusion, some emphasis was placed on validation as it is 
important that the model describes the market accurately. Since 
this is a first generation model there are few other studies with 
which to compare it. The estimated parameters were therefore 
assessed subjectively for consistency with a priori reasoning, 
and the model's performance was tested more rigorously in a 
simulation situation. 
7.3 Forecasting with the model. 
7.3.1 Introduction. 
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The econometric model described in the preceding chapters was 
updated to cover the period from 1981 to 1990. The objectives of 
performing an ex ante simulation were (i) to examine the 
forecasts of the time-paths of the key variables, (ii) to 
determine the model's ability as a predictor, (iii) to assess the 
outlook for sheepmeat in the international market over the next 
ten years, and (iv) to provide a base simulation for the analysis 
in Chapter 8. 
In Section 7.3.2 the results of the forecasts to 1990 are 
outlined, and in Section 7.3.3 comparisons made \vith other 
available forecasts. Conclusions and implications for future 
trade structures are presented. 
The studies used for comparison all differ somewhat as to 
methodology and in the assumptions made. The major differences 
between these studies and the model used here are the following. 
The model presents projected values directly from an econometric 
model. Apart from the GaL model (USDA, 1978) and the BAE (1979) 
projections, 
extrapolation. 
the other studies rely mainly on trend 
The model projects both quantity and price simultaneously, as 
does the GaL model. Most other projection studies assume constant 
prices (eg. BAE, 1979), the continuation of current price trends 
(eg. HLC, 1981), or ignore prices entirely (eg. FAa, 1979). 
Sin c e the mod e 1 pro j e c t·s she e p mea t pro d u c t ion toe q u 11 1 
consumption at the world level, it is assumed that production 
policies would be changed, or consumption dampened by high 
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prices, in order to keep world supply and demand in relative 
balance. Thus there is no allowance for food deficits or 
surpluses, as FAO (1979) or IFPRI (1976) models permit. 
While the model allows for the continuation of trends, it depends 
more on underlying factors affecting demand and supply than do 
t he 0 the I' stu die s be in g com p a r'e d. S P e c i f i call y , in the mod e 1 
consumption is projected on the basis of population and income 
growth, and other demand factors, while projected production 
levels are affected by the relative returns from both alternative 
and complementary enterprises. Production and consumption are 
brought in-to balance at the world level by their simultaneous 
interaction with prices through the market clearing mechanism. 
The exogenous variables for the level of real income and 
population were extrapolated to 1990 using geometric growth 
trends given by FAO (1979). Other exogenous variables, such as 
exchange rates and real prices of other commodities, were 
maintained at their most recent levels for the entire period. 
Lagged endogenous values for the starting period were taken from 
the actual 1979-80 estimates of these variables. The system's 
sensitivity to, and the implications of assuming such levels are 
discussed in Section 7.3.3, and data series are given in Appendix 
6 • 
7.3.2 Results of the model's forecasts. 
Because of the difficulties of presenting the time paths of all 
45 endogenous variables in the model, the average level of 
supply, demand and trade in each of the regions, which indicates 
the relative importance of that region over the future period 
_.~ .. :r _______ ,_ 
TABLE 7.3 175 
Average Values of Sheepmeat Production, Consumption 
and Trade: 1960-80 and 1981-90 
(Kt) Actual Projected % Change 
Country 1960-80 1981-90 c 1960-90 
Production 
Argentina 151.8 79.9 -47.3 
Australia 623.3 595.4 -4.5 
Canada 8.8 8.9 +1.1 
EEC (8) 259.0 336.2 +29.8 
Greece 96.9 145.0 +49.6 
Iran 239.3 318.9 +33.2 
New Zealand 515.8 486.6 -5.6 
United Kingdom 243.2 234.7 -3.5 
USA 240.3 73.6 -69.4 
Per Ca:eita (kg) 
ConsumEtion 
Argentina 5.0 3.6 -28.0 
Australia 33.7 10.7 -68.2 
Canada 1.5 0.8 -46.6 
EEC (8) 1.4 2. I +50.0 
Greece 14.0 16.2 +15.7 
Iran 8.4 12. I +44.0 
Japan 0.9 1.2 +33.3 
New Zealand 43.4 33.8 -22. I 
United Kingdom 9.8 6.2 -36.7 
USA 1.4 0.3 -78.6 
EXEorts 
Argentina 40.0 -23.8 -159.5 
Australia 207.9 440.7 + 111.9 
East Europe 10.3 33.9 +229. I 
New Zealand 390.0 380.9 -2.3'· 
Rest-of-World 70.8 171.3 + 14 1..9 
Im::eorts 
Canada 22.8 10.7 -53.0 
EEC (8) 43.6 90.4 +107.3 
Greece 27.4 11.2 -59. I 
Iran 27.0 176.6 +554.0 
Japan 98.8 147.8 +49.6 
United Kingdom 293.4 II I. 3 -62.0 
USA 39.0 -16.7 -142.8 
USSR 32.0 108.3 +238.4 
Rest-of-World 161. 0 382.9 +137.8 
World Trade 716.0 1003.0 +40. I 
World Price $US/t $IIOOa $3229b 
a Nominal Values 
b 1980 US dollars 
c One of a series of forecasts only: an alternative forecast is presented 
in Appendix 7. 
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19R1-90, is shown in Table 7.3. As an indication of the changes 
between historical data and the future simulation the mean values 
of each variable for the 1960-80 period are also shown in Table 
7 .3 • 
To reflect some of the annual changes that take place in each 
region during the 1980's specific predictions are given for 1985 
and 1990 in Table 7.4. 1980 data is given to allow comparison 
with the base level from which the projections are made. 
(i) Production. 
The model predicted that expansion in supply is likely to be seen 
in only a handful of minor producing countries, such as Canada, 
the EEC(8) and Greece. Growth in these countries will largely be 
the result of improvements in technology, as indicated by the 
time trend. 
In the UK output should remain stable, despite the introduction 
of the Common Sheepmeat Regime in 1980, which exporters feared 
would lead to increased supply. Although production increased in 
the model in the first year (1981) the small negative price 
coefficient prohibits continued expansion in forecast output, 
despite subsequent increases in the world price. 
Production in Iran is likely to decline in the mid 1980's, 
reflecting the political problems in the region during the late 
1970's and early 1980's. In the longer term production should 
return to current levels as a result of domestic demand pressure, 
and then stabilise at this level, as expansion is inhibited by 
physical constraints. 
In several countries (Argentina, NZ, Australia and the US) 
... 
- - . - _" .-_~.', _.".' .0'. , 
TABLE 7.4 
Projection of Sheepmeat Production, Consumption 
and Trade to 1985 and 1990 
(Kt) 1980 1985 
Country Actual Model f FAoa 
Production 
158-194b Argentina 118 80.0 
Australia 551 582.7 774-788 
Canada 5 10.0 5- 7 
EEC (8) 311 333.5 291-319 
Greece 120 140.3 110-120 
Iran 350 298.6 276-324 
New Zealand 568 494.6 642-656 
United Kingdom 278 236.4 270-279 
USA 144 77 .3 97- 85 
Per CaEita 
Consumetion (kg) 
Argentina 3.8 3.6 3.4 
Australia 21.9 9.5 17.8-16.9 
Canada 0.8 0.8 1.8 
EEC (8) 1.9 2.0 1.8-1.9 
Greece 13.5 16. I 14.2-14.4 
Iran 11.1 11.9 13.2-14.3 
Japan 0.7 1.2 1.4-1.5 
New Zealand 32.7 34.6 31.3-30.3 
United Kingdom 7.7 6.2 6.6 
USA 0.7 0.2 1.0 
Exports 
Argentina 14.0 -24.2 58-94 
Australia 247.0 434.3 490-520 
East Europe 26.0 32.7 110-120 
New Zealand 450.0 387.3 530-550 
Rest-of-World 129.0 164.2 (242)-(326)c 
Im:eorts 
Canada 14.0 10.1 50-40 
EEC (8) 59.0 87.8 80-70 
Greece 8.0 14.4 20-10 
Iran 65.0 185.4 320-320 
Japan 79.0 144.·1 180-190 
United Kingdom 154.0 113.0 110-100 
USA 15.0 -26.8 130- 150 
USSR 160.0 107.9 10.0 
Rest-of-World 372.0 358.4 (530)-(820)c 
World Trade 866.0 994.4 1430-1610d 
World Price e .$2,606.00 $3,128.91 
a 
b 
Source: FAO Agricultural Commodity Projections 1975-85.( 1979) 
Range based on Basic and Supplementary forecasts 
c 
d 
e 
f 
Encompasses wider area than model's Rest-of-World region 
Includes intra-EEC trade 
1980 SUS/tonne 
See footnote c; Table 7.3. 
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1990 
Model f 
57.2 
532.2 
8.2 
360.3 
171.3 
352.7 
426.8 
220.6 
33.7 
3.2 
2.0 
0.5 
2.3 
17.2 
12.7 
1.3 
27.4 
5.3 
0.02 
-43.0 
499.7 
43.5 
336.4 
21.4.5 
5.3 
112.7 
0.1 
203. I 
171.7 
78.7 
-26.8 
115.3 
511. 2 
1096.4 
$3,999.64" 
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production was forecast to decline. In NZ the forecast decline 
occurred because the value of the coefficient of the lagged 
dependant variable was slightly greater than one. Thus, the 
implied long-run price elasticity would be negative, so increases 
in world prices result in a downward trend in production. 
Because this situation may appear inconsistant with a priori 
expectations and the short-run positive price response; 
alternative scenarios of constant or increasing supply are 
evaluated in Section 8.3.5. These indicate that, because of the 
importance of NZ exports in the world sheepmeat market, different 
assumptions about the level of production in NZ have an impact on 
world trade and price levels during the forecast period. Due to 
NZ'& importance in the market these effects can be large, and 
are discussed in Section 8.3.5 along with a general discussion on 
the export demand elasticity facing NZ. 
In the other countries the estimated responses to price changes 
were negative. Although they were generally small and not 
significant, this is one reason for forecasts of declining future 
supply. In addition, Australian and Argentine supply exh"ibited a 
tendency to fall over time, as a result of trend factors. 
The continuing downward trend in US production may not be as 
severe as was forecast, as some improvement in sheep numbers was 
seen in the early 1980's. Again, the future trend :is dependant 
upon relative beef prices, but the steep downturn was largely the 
result of the large coefficient on the lagged dependant variable. 
As was shown in Chapter 0 the coefficient has become 
significantly smaller in recent years (though it is held constant 
in the model) and is therefore likely to have less impact on 
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future supplies. 
Since the assumption of negative price responses in certain 
regions may appear restrictive, an alternative set of equations 
was estimated. In these, negative price responses were set to 
zero and the equations re-estimated before performing the 
forecast. Re-estimated equations and results are summarised in 
Appendix 7. Comparing Tables 7.3, 7.4 and Appendix Table ALl, it 
,can be seen that there are small differences in the magnitudes of 
the Base forecast values (for example, the world price is 2.1% 
lower on average over the period in the alternative Base 
simulation, and world trade is 0.7% higher), but in general the 
forecasts are not greatly different from those presented here. 
(ii) Consumption. 
The model results predicted that per capita consumption would 
continue to decline in the traditional consuming countries, 
Argentina, Australia, NZ and the UK, and also in the USA. In 
Australia, the UK and the US this results from changing tastes 
and consumption patterns, and rising sheep meat prices which more 
than offset the positive effects of rising incomes. In NZ and 
Argentina negative income elsticities hasten the decline, as real 
per cap i ,t a inc 0 m e s are for e cas t tog row u p t 0 1 9 9 o. For s i mil a r 
reasons as with production, the trend in consumption in the US is 
unlikely to be as strong as the model predicts. Also, it may be 
that the demand functions are not linear in reality, or that the 
values of the exogenous variables used are inappropriate. 
In the areas where consumption is still low, (Japan, Canada, 
Greece, Iran, and the EE-C(8)) per capita consumption was forecast 
>--...... :. .. -. -
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to rise. The regions exhibit positive income and time trend 
responses, which outweigh the forecast increases in sheepmeat 
prices. 
(iii) Prices. 
As the rates of increase in supplies of sheepmeat are unlikely to 
match the growth in demand, real world prices are expected to 
rise. In the model world prices were forecast to increase 
considerably over the period, rising from $2606 in 1980, to 
$3218.91 in 1985 and to $3999.64 in 1990 (us$1980). This 53.4% 
overall increase compares with a 62.2% increase in the real US 
dollar price in the previous decade (though as was noted 
previously, the real price in other currencies '-las more stable 
over that period). 
(iv) Trade. 
Trade was predicted by the model to increase 14.8% overall by 
1985, and 26.5% by 1990, with a continuing dependance of 
importing regions on trade from the major exporting regions. 
One of the historical net importing regions (the USA) becomes a 
marginal sheepmeat exporter over the simulation period. 
Conversely, Argentina was forecast to become a net importer by 
the mid-1980's. The regions both have strong production and 
consumption trends, but as noted above, the model tended to over-
predict the strength of the trends. 
The increased demand for imports in the simulation occurred 
mainly in Japan, Iran, the Continental EEC countries, the USSR 
and the Rest-of-World region, most of which have high levels of 
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population growth or high income elasticities of demand. Other 
importing regions (eg. Greece and Canada) were predicted to 
import decreasing amounts of sheepmeat, as available domestic 
supply outstrips growth in demand. 
Imports into the UK continued to decline, mainly as a result of 
the long term decline in demand, and the stable supply. By 1990 
UK imports were less than 10% of vlorld trade, whereas Iranian 
,imports had grown to around 18%. 
On the export side the growth came from Australia, as rising 
sheepmeat prices cause a decline in consumption hut fail to 
induce expansion in supply. Expansion was encouraged in East 
Europe and the Rest-of-World sector by rising prices. 
NZ exports, following the trend in supply, were projected to 
decline up to 1990, though the decline in production was offset 
somewhat by declining domestic demand. 
In general these trends follow the changes that took place in the 
sheepmeat market during the 1970's, with a reduction in trade in 
traditional markets, and an expansion of several new, smaller 
traders. Much of the further growth was projected to be in the 
Rest-of-World sector, which covers regions such as North Africa, 
India, Pakistan, and the Middle East. 
7.3.3 Evaluation of the forecasts. 
:,;:;;:,',! In Section 7.3.2 predictions of the model's endogenous variables 
were discussed. The predictions were generated under various 
specific numerical assumptions about the exogenous variables. 
Different assumptions about the level or growth rate of exogenous 
variables, for example, could have been experimented with. 
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It was noted in Chapter 3 that price variables are highly 
sensitive to transformations with indices and exchange rates. 
Model solutions though, are likely to be less affected by changes 
in these and other price series, due to the size of the price 
coefficients in the model. Again, more extensive sensitivity 
analysis could have been performed in order to test the stability 
of the system to such changes. But, as can be seen from the 
.results in Appendix 7, suppressing the price effects in certain 
situations does not drastically alter the forecast trends. 
The forecasts are undoubtedly better as short term projections 
than as forecasts over several years. This is particularly 
evident as regards some of the per capita consumption levels. For 
example, the forecast consumption in Australia in 1981 was the 
same as the actual (preliminary) figure given by BAE (1981). 
Beyond 1981 the steep decline in forecast consumption levels in 
Australia becomes less plausible. On the other hand many other 
variables have projected levels which are as plausible in the 
short as in the long run. 
Clearly the levels of these conditional forecasts depend heavily 
on the validity of the forecasts used therein, so the outlook for 
the sheepmeat market can only be taken as indicative, with the 
reliability of projections decreasing as they move further into 
the future. Therefore, the model forecast is perhaps more useful 
.>.! as a comparative base simulation than as a predictor of the 
mar k e t ou t look. 
However, confidence in the model as a forecasting tool is 
reinforced by two points. Firstly, as was shown in Section 7.2.5 
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the model performed significantly better on ex post forecasts 
than did either the no-change, or the linear time-trend models. 
The model may miss some short-run deviations whilst still 
correctly predicting the underlying trend, as it tended to do in 
the ex post simulations reported in Section 7.2.4. 
Secondly, examination of other projection studies suggests that 
the trends in the results are similar, even if the magnitude of 
the changes differ. In the rest of this section comparisons are 
made with other forecasts, particularly those of FAD (1979), to 
establish the validity of the model's projections. 
In Table 7.4 the comparative forecasts to 1985 from the model and 
from FAD are given. Alternative projections are also available 
from other sources for a number of countries; a summary of these 
is reported in Appendix 4. As is shown in the tables the model, 
FAD and other forecasts are similar. The major divergencies are 
over-predictions in NZ, Argentine and Australian supply by FAD, 
and"under-predictions in US and Australian consumption by the 
mo de 1. 
On the trade side the results are also similar, with overall 
trade levels in the model being virtually equivalent to GDL 
forecasts. The model under-predicts exports from Argentina, East 
Europe, NZ and the Rest-of-World sector (though the latter is not 
strictly comparable, being based on a different set of 
c ou n t r i e s ) • S i mil a r I y the mod e I pre d i c t s t hat de man d for imp 0 r t s 
into North America and the Rest-of-World region will be lower 
than FAD forecasts. 
Some of these divergencies are to be expected, as the more 
conservative estimates of activity in the market predicted by the 
. , , -»:-~-:,. 
184 
model were made in light of realism of events which occurred 
after the FAO and GOL forecasts were made. Since this time events 
in the sheepmeat market have reduced the possibility of achieving 
the levels of growth projected in several cases. For example, as 
was shown in Chapter 2, the long term decline in production in 
the USA, which would have led to the high import demand indicated 
by FAO and GOL, reached a turning point in 1980, so imports 
should remain stable or may actually decline further. The long 
term trend which the model forecasts is not very plausible 
thou gh, for re as ons gi ven ear I ie r. 
Some of the projections are- unattainably high. An example is the 
forecast expansion in Argentina's production of between 43% and 
80% by 1985 (FAO, 1979; USDA, 1978). Severe flooding in 1980 
compounded the problems which have caused a long term decline in 
the industry (see Chapter 2), and there is no indication of any 
i mp rove me n t • 
Similarly in Australia; several seasons of low rainfall and 
relatively strong beef prices have reduced sheepmeat production 
considerably. It is unlikely therefore that the high growth rate 
projected by FAO could be achieved from the low 1980 base levels. 
The model and GOL results which incorporate relative price 
effects, are more feasible. Consumption though, is unlikely to 
f a 1 Ito the low I eve I s pre d. i c ted i nth e Ion g t e r m by the mod e I , 
unless stagnating incomes and beef prices failed to offset rises 
in sheepmeat prices • 
NZ's forecast trade levels from the model are lower than those of 
the N Z M P B (1 9 8 1) F A 0 (1 9 7 9 ) and the N Z Mea t a. n d \~ 0 0 I Boa r d's 
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Economic Service (Taylor, 1980). There was considerable optimism 
for expansion in the industry following record exports in 1979/80 
and the pay men t 0 f Su p pIe men tar y Hi n i mu m P ric e s (S M p' s) to 
producers (NZMPB Annual Report 1981). However, despite this a 
notable decline occurred in exports in 1980/81, more in line with 
the model's predictions. 
All the studies agree that UK trade will continue to decline, 
though the exact volume of imports differ, according to the 
assumptions made about the effect of the EEC sheepmeat regime. 
Most assume that consumers will continue to face the world price 
(plus the Ad Valorem tariff), whilst the Guaranteed Price paid to 
producers will stabilise but not expand supply, because of low 
price responses. 
Iran's trade, whilst all studies predict considerable growth, is 
more likely to be at the levels from the model. The other studies 
are based on continuation of growth in income at the previous 
rates, whereas the model accounts for both the revolution and the 
subsequent lower income growth rates. 
In the East European countries it is generally a stated objective 
of Production Plans to achieve high growth rates such as those 
implied by FAO. It is rare that such levels are achieved, so 
whilst some expansion can be expected in production in the USSR, 
and in exportable production in the other East European states, 
actual levels are likely to be much lower than those predicted. 
Indeed, with reduced production of other meats (Agra Europe, 
No.962) and generally increasing demand, imports into the USSR 
are more likely to increase. However, the annual level of imports 
is unlikely to be as regular as the model predicts, given the 
- ~ - , . . . - - - -
--:-.-.-.'."--', 
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history of the USSR's erratic entry into the market. 
Forecast imports into Japan are comparable in both model and FAO 
projections. Some qualification is needed though, as imports are 
heavily dependant upon movements in exchange rates and relative 
sheepmeat, pork and beef prices. Because of these factors the 
Japanese import market for sheepmeat has stagnated since 1980. 
The FAO estimates for large import markets developing in the rest 
.of the world by 1985 are also not as plausible now as they were 
when the projections were made. Despite the preference for 
sheepmeat in many countries, purchasing power is limited, and 
living standards ShO~07 little sign of improvement. Where incomes 
are higher, as in the Middle East, populations are too small to 
offer large markets. This suggests that although potential 
markets exist, there is little likelihood of them being developed 
very rapidly. However, some growth should occur, and this is 
reflected in the growth in imports in the model's Rest-of-World 
region. 
In summary, the outlook for the market determined from the 
co.·.. various studies is for declining per capita consumption in the 
traditional sheepmeat eating countries, but increasing 
consumption in the EEC, Greece, Canada, the Middle East and 
J a pa n. ,.[ 0 r 1 d per cap i t ~ con sum p t ion 0 f she e p mea tis ex p e c ted by 
FAO to show a slight decline by 1985, which is mainly accounted 
for by a projected increase in sheepmeat prices relative to 
substitutes. Total consumption is forecast to expand though, due 
to the growth in population. 
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Supply is forecast to decline in the main producing countries, 
with small increases elsewhere. Trade is forecast to increase 
over the decade, accompanied by a corresponding increase in real 
prices. On the export side the gro~vth is likely to come from 
Australia, East Europe and the Rest-of-World sector. Import 
expansion is likely to occur in Japan, Iran, the Continental 
countries of the EEC and the Rest-of-World sector. Imports into 
.North America and Britain may continue to decline. 
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POLICY ANALYSIS WITH THE MODEL. 
8.1 Introduction. '. 
At any particular time the NZ sheepmeat industry tends to be 
faced with a number of important issues. During the 1970's these 
were such things as the accession of the UK to the EEC, 
implementation of the NZ Diversification scheme, and development 
of new markets, especially in North A~erica and Japan. 
Hoving into the 1980's the emphasis shifted to concern over the 
continuing decline of the UK market, the introduction of the EEC 
sheepmeat regime, and the growth and subsequent instability in 
the Middle East market. The ability of the industry to expand 
NZ's overseas exchange earnings has also become crucial, as terms 
of trade decline (Lloyd, 1980). 
Over the next decade the problems could become more pressing 
depending on the outcome of the EEC re-negotiations in 1984, the 
effect of SMP's on NZ production, and the state of the Middle 
East market. Using the model developed previously some of these 
issues can be simulated, providing a sounder basis for export 
policy-making. 
The applications of the model and the theory behind them are 
discussed in the sections below. They relate to the evaluation of 
various EEC import policies, an increase in NZ's excess supply, 
and cessation of trade with one of the main Middle East markets, 
Iran. 
-.'."-:-:j 
The results of the ex ante simulations are subsequently evaluated 
with respect to changes in the endogenous variables relative to 
the values in the Base simulation in Chapter 7. It is this 
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difference between the Base level and the policy inclusive level 
of each variable which is primarily of interest when making 
projections. 
8.2 The EEC and its import restrictions. 
8.2.1 Introduction. 
Sin c e the for mat ion 0 f the E E C, ina c cor dan c e \v i t h the Com m 0 n 
Agricultural Policy various measures have been applied to 
restrain imports of sheep~eat. These were outlined in Section 
2. 5 • 
Work done in the past has shown the effects on the internal EEC 
market of various forms of regime which could have been applied 
(Kelly, 1978; Boutonnet, 1981) and on the effects on the UK of 
v.a rio us for m s 0 f ext ern a I pro t e c t ion ( Bra by n , 1 9 7 8) • H a \v eve r , no 
research has been done on the effects of the external protection 
on the EEC as a whole, nor on the effects on trade in the rest of 
the world. The model developed in previous chapters can be used 
to quantify some of these effects. Firstly the theory of import 
restrictions is developed to show the different effects of 
different measures which could be applied, and some conclusions 
are drawn as to the effects of current forms of protection. Then 
the theory is applied, using the model, to show the effect on the 
world market over the 1981-90 period of; 
i) imposing no restrictons to trade, 
ii) imposing an Ad Valorem tariff of 10%, 
iii) imposing an Ad Valorem tariff of 20%, 
iv) applying a Variable Levy, at the level of the 
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(proposed) EEC Basic price levels, 
v) imposing a Quota equal in its trade restricting 
effects to (ii). 
vi) imposing a VRA at similar levels, 
vii) imposing a more restrictive VRA, at only half the 
levels permitted in (i). 
Fin a I 1 y, the the 0 r y 0 fOp tim u m Tar iff sis a p p lie d t 0 s h 0 \'1 the 
strength of the EEC in the world sheepmeat market, and the extent 
.to which it is able to improve its welfare through its bargaining 
pO~'1er. 
8.2.2 The theory of import restrictions. 
In this section the theoretical background is developed which 
determines the effect on the world market of one country imposing 
a trade barrier in order to protect the domestic market. 
The implications of various import restrictions may be shown with 
the help of Figure 8.1. 
FIGURE 8.1. 
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In Figure 8.1, Sand D are the internal supply and demand of the 
barrier imposing country (the EEC), plotted against the internal 
price. The competitive excess supply for the rest of the world is 
Esw, plotted against the world price, Pw. The quantity to be 
imported into the EEC is AB, plotted as OE to the left of the 
price axis. The world price at which this quantity will be 
forthcoming is Pwl. 
Suppose the EEC now wishes to protect its internal market. A 
Variable Levy could be imposed on imports, with a target, 
internal price set which equals Pt. Given the EEC supply and 
demand curves, the quantity imported falls from AB to A'B', which 
is plotted as OE' on the left hand side. The world price at which 
this quantity is forthcoming is Pw; this price is determined on 
the supply side only, as up to the price Pt, demand by the levy 
imposing country and its importers has zero price elasticity. 
The levy T is imposed to raise Pf"" to Pt; T depends on each of the 
supply, demand and excess supply functions, and on Pt. With a 
Variable Levy Pt is fixed, and both T and T/Pw vary inversely 
with Pw. 
The effects of imposing an Ad Valorem tariff are similar. The 
internal EEC price equals Pt in Figure 8.1, which is the world 
price plus the rate of the tariff. In this case however, T/Pw is 
a fixed proportion, and Pt will vary with Pw. 
In both cases the tariff has the following effects; 
i) the production effect; output increases by A"A'. 
ii) the subsidy effect; the total increased revenue of producers 
is equal to area PwPtK'R', plus A"R'CA', but because of 
increased factor costs of A"K'CA', the net subsidy to producers, 
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o v e r w hat i t \01' 0 u 1 dot her w i s e b eat P w , i seq u a 1 toP w P t C K'. T his 
is a redistribution of income from consumers to producers. 
iii) the consumption effect; consumption decreases by B'B". 
iv) the tariff revenue effect; remaining imports of A'B' yield a 
Government revenue of MCUN. 
v) the consumption tax effect; the increased cost to consurr.ers, 
over what it would otherwise be at Pw, is equal to PwPtUN. 
vi) welfare effects; the losses in ~velfare consist of the 
deadweight loss of producers' and consumers' surplus, equal to 
triangles K'MC and NLU respectively. 
vii) the import effect; EEC imports are reduced to A'B', and 
exporters' revenue is reduced to HNA'B'. 
vii i) the international effect; the world price falls frofil Pwl 
to Pw as world trade is reduced by EE'. 
Considering now the case where the EEC does not apply a tariff, 
but instead prohibits the importation of sheepmeat by imposing a 
quota. Under a quota the domestic price will rise to Pt, as under 
the tariff regime. It can be seen from Figure 8.1, that at 'this 
price domestic supply plus the quota-imports equal dOfilestic 
demand. In this situation the consumption, production and trade 
efects are the same as under the tariff regime except for the 
tar iff rev e n u e • 1>1 i t hat a r iff the rev e n u e was colle c ted b y the 
importing Government; when imports are limited by a quota no 
revenue is collected directly (unless quota licences are 
auctioned), and importers' revenue is correspondingly greater. 
As a further point in the analysis of the effects of quotas, an 
increasingly common form of quantitative restriction, the VRA, ~s 
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considered. Under this system of trade restriction foreign 
Governments are asked to limit exports by their own domestic 
producers to a certain quantity, such as A'B' in Figure 8.1. 
Although quotas and VRA's are both quantitative restrictions on 
trade, a VRA differs from a tariff and an import quota in two 
ways (Takacs, 1978). First, from the point of view of the world 
market for sheepmeat both the import quota and the tariff 
artificially restrict demand for the good on the world market, 
while a VRA artificially restricts supply. Second, both an import 
quota and a tariff normally apply to imports from all sources, 
while VRA's are negotiated with, and imposed by only the most 
important exporting countries. Some suppliers are often left out 
of the agreements because they are minor suppliers of the good, 
or because they refuse to limit their exports. Exports of 
sheepmeat from such countries continue to enter the EEC under the 
regime, though they are restrained by differential tariffs, and 
constitute less than 2% of EEC imports anyway. 
An 0 the rim po r tan t e f f e c t 0 f VR A's i s t hat for e i gnp rod u c e r sma y 
be able to sell their goods at the domestic equilibrium price 
(OPt), and thus acquire revenue (equal to HNUC) above what they 
would have earned in the absence of VRA's. For importing 
c 0 un t r i ~ s the ref 0 r e, VR A's are m 0 r e cos t 1 y t han tar iff s 0 r nor mal 
import quotas, since they produce identical welfare losses and 
other effects, but in addition they lead to a loss of tariff 
revenue (or income to quota holders, as the case may be). 
Furthermore, getting exporters to restrict trade voluntarily 
could force them to collude with one another, leading to 
.. _,-_._-, - --".',-'.-:-: 
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monopolistic restriction of the importers' market. Thus VRA's are 
probably more costly to the importing country in terns of welfare 
than any other way of securing the same reduction in inports 
(Grubel, 1977). 
So far the discussion has centered around the absolute effects of 
imposing a particular form of barrier. A further inportant aspect 
of these policies is their longer-run impact on price stability. 
The theory is well developed in recent literature (eg. Bale and 
Lutz, 1979; Zwart and Heilke, 1979); the major effects are 
summarised in Table 8.1 • 
Host protective measures restrict transmission of disturbances 
from the ,.,orld market to the protected market, but to varying 
degrees. Ad Valorem tariffs, for example, allo,., prices on the 
domestic market to vary with ,.,orld prices, and hence to absorb 
TABLE 8.1 
The Effects of Trade Policies on Price Instability 
Trade Policy of 
Importer 
Ad Valorem tariff 
Variable Levy 
Fixed Quota 
VRA 
Degree of Price Instability in Comparison 
With Instability Under Free Trade 
World Market Importing Country 
Smaller Larger 
Larger Smaller 
Larger Larger 
Larger Larger 
SOURCE: Adapted from Bale and Lutz (1979). 
--~.;- .. -" ... ;.:. 
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some of the world disturbance. An import quota will allow some 
dampening, but variable levies ensure that none of the external 
disturbance is transmitted to the domestic market. 
Thus the effects of policies on price stability is an important 
issue for exporters of a product ~.hose supply tends to be 
variable. In general producers and exporters outside the EEC gain 
most benefit from policies (such as an Ad Valorem tariff) which 
allow markets to absorb fluctuations in world supply without 
amplifying price changes. 
Whilst it is not possible to show the stability effects of 
policies with the model, the results of the policy experiments 
can be qualified on the basis of the above discussion. 
In the following section some of the absolute effects of 
protection are quantified. There may also be non-quantifiable 
reasons for the imposition of a certain type of trade barrier, 
which are more political than economic. One reason is that VRA's 
may appear more liberal and acceptable than the setting of 
quantity limits by the importer. In addition, tariffs, which are 
good revenue earners, are very obvious sources of protection, 
whereas it is not easy to measure the tariff-equivalence of 
quantitative restrictions. For example, Sampson and Yeats (1977) 
measured the effective protection on sheepmeat in the EEC to be 
11 9 % , des pit e the nom ina 1 tar iff rat eat the tim e o. f 2 0 % • 
Finally, although a particular type of barrier may give the 
greatest benefit to the importing counry, it may not be feasible 
to replace existing, more liberal barriers with it, under GATT 
rules. 
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8.2.3 Application to the EEC. 
The protection arrangements in the EEC up to 1980 were equivalent 
(in Figure 8.1) to reducing imports from AB to A'B', and hence 
having price Pt prevailing, given the same supply and demand, S 
and D. The EEC were collecting tariff revenue (equivalent to 
HCUN, or US$87.6 million, in 1979), where the tariff rate 
(PtPw/PwO) was 20% up to 1980. After the introduction of the 
,regime even though the tariff rate was halved, less than half the 
revenue was lost to the EEC, as world prices rose. The European 
Guarantee and Guidance fund (FEOGA) subsequently collected $55.7 
million in 1980, where PtPw/PwO equals 10%. Exporters' returns 
were increased marginally, due to increased export volume but 
lower prices (ie. Pw not Pw1). Consumers still pay a price that 
is above the world price, Pw, which artificially restricts EEC 
import demand. 
In the rest of this section the effect of various restrictions 
are measured in terms of the level of production, consumption and 
trade in each of the main trading regions, and the level of the 
wo'rld price prevailing under each over the period 1981-90. For 
each of the policy simulations the mean absolute percentage 
difference of the variables and the Base run are given in Table 
8 • 2. 
(1) Ad Valorem Tariffs. 
The first policy considered involved two simulations. In the 
first an Ad Valorem tariff of 10% was imposed on EEC imports 
during the projection period. In the second the tariff was raised 
to the level prevailing during the 1970's, of 20%. 
TABLE 8.2 
Comparison of EEC Import Policies 
Variable Mean Percentage Change Over Base Run 
Mean Base Level 10% Tariff 20% Tariff Variable Levy Tariff Restrictive 
(1981-90) Equivalent Quota 
Quota 
PW $3,229.56 -1.8 -3.5 -9.7 -1.8 -12.6 
MEC(lO) '212.8 Kt -7.4 -15.3 -48.8 -7.4 -50.0 
MW 1003.0 Kt -1.0 -1.9 -5.3 -1. 0 -6.6 
XNZ 380.9 Kt -0.5 -0.8 -3.4 -0.5 -3.9 
SEC(lO) 716.0 Kt +0.9 +1.8 +4.1 +0.9 +4.2 
CEC(lO) 928.8 Kt -1.1 -2.2 -8.2 -1.1 -8.4 
EEC Price $3,229.56" +8.0 +15.8 +56.1 +8.0 +58.0 
Total 
---------..,. 
Revenue $1,230.04 m /' ,. -4.3 -12.8 -2.3 -16.1 ( -23.,·: 
N.Z. ,------/' 
FEOGA 
Revenue 0 $68.3 $61.3 $288.9 0 0 
(Average: 
US$ mill.) 
Under the first policy the world price is depressed 1.8%, as 
imports into the EEC fall 7.4% on average over the 1981-90 
period. This represents a $62/t decline over the mean Base 
simulation world price, or a $61 decline in 1985, and a greater 
$83/t decline in 1990 as imports are considerably lower in the 
later period. The lower world price stimulates demand for imports 
in other countries, partially offsetting the reduction in sales 
to the EEC, so total world imports fall only 1%, or 11Kt below 
the Base level.* 
NZ exports therefore fall only 0.5%, or a mean 2Kt below the Base 
level, as most of the impact of the fall in world demand is felt 
in Australia and in the marginal exporting countries. 
However, NZ revenue from sheepmeat exports suffers, falling 2.3% 
below the Base level, as prices obtai~ed in world markets are 
reduced, as total exports decline, and as exporters are unable to 
benefit from higher prices in the Community. 
Similar trends are seen under the second situation, where the 
tariff rate is 20%. EEC(lO) consumption falls 2.2%, and EEC(10) 
supply rises 1.8%, therefore EEC imports are 15.3% below the Base 
level. The world price is depressed by a mean $121/t, and NZ 
revenue falls 4.3%. 
The average change over the Base level in the price prevailing in 
··t~ EEC, under the Ad Valorem tariff, is not the full percentage 
* The relative distribution of changes in imports in other world 
markets is similar under each policy considered although, of 
course, the absolute volumes differ. Details are only given 
therefore, in Sections 8.3.5 and 8.4. 
'--:.-:'.-; . 
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change of the tariff. The dynamics of the market cause the world 
price to fall as well. Thus imposing a 20% tariff in the EEC 
gives only a 15.8% increase in EEC market prices over prices 
which prevailed in the rest of the world in the Base run. With a 
10% tariff the EEC price is 8% higher than in the Base 
simulation. 
Under the first regime of a 10% tariff, FEOGA gains $68.76m in 
revenue in 1985, and $60.28m in 1990. Under a 20% tariff the 
revenues are $62.66m and $49.68m respectively. The fall in 
revenue over time is caused by the steep decline in imports, 
despite the rising world price. Comparing the different tariff 
levels, most revenue is gained for FEOGA with the tariff of only 
10%, as imports are higher than with a 20% tariff. 
, 
(ii) The Variable Levy. 
The EEC has opted for an agricultural policy which results in 
high domestic food prices. One way of maintaining internal prices 
in the face of low world prices is by the use of a sliding scale 
tariff or variable levy. 
In this simulation therefore, a Variable Levy was applied to EEC 
imports, at the level of the (proposed) EEC Guide price levels. 
Volans (1981) calculates that in the UK the Guide price will 
increase over the transition period to 1984 and be harmonised 
with the Basic price thereafter. 
Applying these rates results in a 48.8% decline in EEC 
imports over the Base projection for 1981-90. This represents 
levels 123Kt and 85Kt below the Base projections in 1985 and 1990 
respectively. In these years world imports are only 991Kt and 
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1232Kt, which is an average of 5.3% below the Base simulation. 
Under this type of regime NZ exporters suffer more, with a 3.4% 
(or 11Kt) fall in trade belo'>l the Base level. Moreover, as a 
result of the fall in the world price, NZ revenue would be $170m 
or 12.8% lower than it would otherwise be. 
Thus a Variable Levy set at the proposed level would be more 
restrictive than a continuation of the actual, or even of the 
.previous Ad Valorem tariff rate. It would result in a higher 
level of internal EEC prices, with the 1980/81 Basic price being 
set at approximately double the world price. 
Internal prices at this high level would increase the supply in 
the EEC(lO) by 29Kt on average, or 4.1% above the Base level. 
Consumption, being more responsive to price, would fall 76Kt, or 
8.2% below what it would otherwise be. 
However, under this system FEOGA gains the maximum revenue, and 
would collect an average annual sum of around $290m. Thus if the 
EEC wants to maintain its internal price by reducing imports, and 
to maximise Government revenue, it could apply a system of 
Variable Levies. Correspondingly exporters would sustain the 
greatest loss in revenue under this system. Moreover, as was 
discussed earlier, Variable Levies cause price instability on the 
world market to be amplified, to the detriment of exporters. 
(iii) A Quota. 
Under this policy two sets of results were determined for 
1 i mit i n.g ex po r t sin tot he E E C us in g quo t as. Th-e fir s t de t e r min e s 
the level of quota required to have an effect on imports similar 
to the current regime. The second determines the effects of 
202 
imposing a quota at 50% of the level of imports in the Base 
simulation. 
An import quota of a mean of 220Kt (7.4% below the EEC Base level 
imports) would have the same effect as the 10% tariff in (i), 
except for the ownership of the levy proceeds. 
World prices are $62/t lower than without the quota but EEC 
prices are forced up by $281/t. Consumption in the EEC(10) falls, 
but by less than the full amount of the quota, as EEC(lO) 
supplies increase under the higher price incentive. 
NZ's total exports decline marginally with a quota, but NZ export 
earnings fall 2.3% below the Base level. 
The second set of policy results shows that in terms of 
quantitative restrictions, a quota at 50% of the Base level 
permits a similar volume of imports into the EEC. as the Variable 
Levy system. 
The world price would fall 12.6% below the Base level, and EEC 
prices would be around 70% higher than the world price. Note that 
this result differs slightly from the change in world prices 
predicted under the Variable Levy, where the objective was to 
maintain a fixed EEC price. Under the quota system a fixed volume 
of imports is maintained. EEC prices will also be higher, but the 
extra revenue accrues to importing agents and not to FEOGA. NZ 
revenue is reduced 16.1% below the Base run, as a result of 
I 
I Lower world prices' and smaller exports. In addition, as discussed 
above, imposition of a quota by the EEC could amplify any 
instability in the world market price. 
•. , I 
. , 
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(v) Voluntary Restraint Agreements. 
Continuation of the VRA at 1980 levels ~yould not result in them 
being binding on exporters, given the import demand levels 
projected for the EEC in the Base simulation. 
If the VRA's were to be re-negotiated they would have to be set 
at least 37.5% below current levels to become binding. Horeover, 
given the projected long-run decline in EEC imports, they would 
. have to be negotiated on an annual, diminishing scale. 
Presuming that the VRA's were to be reduced, two policy scenarios 
can be simulated, similar to case (iv). Under the first imports 
are voluntarily restrained to an average of 220Kt. This could be, 
for example, in exchange for a removal of tariff barriers, in 
order to maintain the level of EEC prices. 
In this case the results would be identical to (i), except that 
exporters' revenue may be increased by part of the amount that 
was formerly removed by FEOGA, through obtaining higher prices 
for sales within the EEC. Whilst it is not possible to calculate 
the exact change in NZ revenue, an estimate can be made on the 
basis of certain assumptions. If approximately 30% of NZ exports 
over the simulation period are sold in the EEC at the higher EEC 
price, with the remainder being sold at the world price, then NZ 
revenue could actually increase 1.1% above the Base level. (This 
approximation takes no account of the simultaneous and dynamic 
effects of increased revenue) • 
.. -...... , .. -. 
. _._- Under the second policy scenario the VRA's are assumed to be 
re-negotiated to diminishing quantities at only 50% of the 
projected Base levels. The results are the same as those reported 
in (iv), except for the export revenue effect. As with the 
_ " •.. ,:.: i 
--1 
-j 
-"-'.<' 
:1 
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previous case, making the same assumptions, then NZ revenue falls 
only 5.3% below the Base level, not 16.1% as with a quota. 
8.2.4 The optimum tariff level. 
The reason behind the setting of the levels of protection in the 
EEC are complex. Typically, tariffs have been imposed for revenue 
purposes, or for the protection of domestic producers of the 
good. The import policy for sheepmeat into the EEC is much less 
restrictive than it is for other CAP commodities. Since the 
motivations for setting the relative protection levels are not 
easily analysed, market evidence can be assessed to see whether 
it supports the hypothesis of the EEC exerting monopsony power on 
the market, with the motive of maximising FEOGA revenue (or of 
minimising the cost of imports). 
There has been much discussion of the ability of Governments in 
importing countries to take advantage of less than perfectly 
elastic supply and demand functions, as it may be possible to tax 
imports so that the foreign supplier pays some of the tax. In 
this way national income can be increased relative to a free 
trade position. With sufficient information on supply and demand 
functions a tax can be found that maximises welfare. This is the 
'optimum tariff' level. 
It is considered here whether the EEC tariff level is optimal, 
and i f not, w hat 1 eve 1 w 0 u 1 d m a xi m i sew elf are. Th a tis, doe s the 
trade barrier imposed actually enhance welfare, or is it used for 
other, non-economic reasons ? 
The optimum per centage tariff formula is equal to l/E, where E 
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is the elasticity of excess supply that the country in question 
faces. The import supply elasticity can be expressed in terms of 
the supply and demand elasticities in the rest of the world; 
E == S D M,e~y - M,nw 
where Sand D are supply and demand in the rest of the world, H 
is the level of imports, and ew and nw are the respective supply 
and demand elasticities in the rest of the world. The assumption 
is made that price changes occuring in the importing country are 
transmitted to the exporting countries. 
The results are calculated for the EEC(9), as Greece was not a 
member of the community during the period under discussion. The 
supply and demand elasticities used for the rest of the world 
region are 0.26 and -0.30 respectively. The weights S/M and D/H 
were calculated for the average of the periods 1961-70 and 1971-
75, and for the years 1961 and 1980. 
Using the elasticities given above, and taking the period 1961-
1970, with weights of 11.6 and 10.6 for S/M and D/M respectively 
(as EEC imports were sizeable in those years) results in an 
imp lie d val u e 0 f the i IIi par t sup ply e las tic i t Y 0 f 5.9. Th i s g i v e s 
;,-.;-.-
an optimum tariff level of 17.0% 
For the period 1971-75 weights of 15.2 and 14.1 were applied, as 
imports had fallen considerably from the previous levels. The 
import supply elasticity was around 8.2, which .gives an optimum 
tariff of 12.2%. 
For the year 1961, when imports were at their greatest, weights 
of 2.76 and 2.67 give an optimum tariff of 18.4%. For the most 
recent year, 1980, when imports had declined to their lowest 
levels, with weights of 20.2 and 19.1 the implied value of the 
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import supply elasticity is around 10.9. The associated optimal 
tariff should therefore lie at around 9.2%. 
Thus it has been shown that the optimum tariff level has declined 
from almost 20% in the 1960's, to around 10% in 1980. The actual 
Ad Valorem tariff applied over this period was, in fact, close to 
these levels. Because of higher imports in the earlier years the 
optimum tariff was higher, and the EEC was perhaps justified in 
applying a tariff of 20%. As imports declined however, it became 
more appropriate to reduce the tariff level to 10%, in order to 
continue to maximise welfare. 
The conclusions that can be drawn are that firstly, the market 
evidence supports the hypothesis that the EEC import tariff on 
sheepmeat is close to the optimum level. Secondly, the tariff 
reduction in 1980 was consistent with the decline in imports into 
the EEC, and ensured that welfare (ie. the national income of the 
EEC) continued to be maximised. 
Similar results were obtained for the import tariffs on wheat 
into the EEC, by Grennes and Johnson (1980). Carter and Schmitz 
(1979) also argue that the EEC may be acting as a price leader, 
in setting a near-optimum import tariff and thus depressing the 
world price of wheat. Whilst other major importers may also 
benefit from lower world prices, major exporters trade less than 
they otherwise would. 
8.2.5 Summary and Implications of EEC policy analysis. 
Under normal market conditions EEC import barriers of any form 
depress the demand for deliveries to the EEC, and hence the 
foreign price. The simulation analysis .showed that, in quantity 
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terms, the most restrictive barriers are the quota or VRA at 50% 
of the Base. They are also the policies which depress the world 
price most. The Variable Levy is similar in its effects, and all 
three have implications for market stability. Hhilst it was not 
possible to quantify these, it was shown (Table 8.1) that they 
ensure that shocks affect only the world, and not the domestic 
market. 
In all the cases discussed the overall level of world trade 
falls, as the decline in EEC imports is not fully offset by 
increases in imports in other countries. World trade is, however, 
,'" 
... '.- _ ... 
relatively responsive and the maximum decline is only 6.6%, or 
72Kt, even under the most restrictive assumptions. 
The reduced imports, and hence availability on the EEC market, 
forces up the EEC price, even though some extra supply is 
encouraged. Again, EEC prices are highest under the quota or 
Variable Levy, and EEC consumption is lowest. The Ad Valorem 
incidence of the Variable Levy system is approximately 70%, thus 
FEOGA revenue is greater than under other policies. The Ad 
Valorem tariff also provides some revenue for FEOGA, and the 
amount is greater with a tariff of 10% rather than 20%. 
NZ exports fall under all the forms of protection. As a result of 
both declining exports and world prices, total revenue also 
falls. Again, exports and revenue are lowest under the 
restrictive quota and Variable Levy systems. 
The most favorable options for protection therefore appear to be 
the 10% Ad Valorem tariff or the equivalent VRA, if any 
restriction is to be applied. Allowing for the stability effects 
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though, the former measure has the least harmful effect on 
exporters, but the VRA allows exporters to minimise revenue 
losses. 
If the existing system of protection were removed (ie. if the 
tariff rate were zero, and VRA's were not binding), exporters 
would gain extra revenue from increased sales and a rise in the 
world price of an average 1.8% or $62/t, as the increase in EEC 
imports would more than offset the decline in other markets. 
So far the VRA's have not been binding due to the high levels 
negotiated and the fortuitous rise of the Middle East market. The 
VRA therefore presents more of a psychological barrier to 
exporters, knowing that they cannot 'dump' on the UK market, and 
that they now require a more co-ordinated marketing policy in the 
EEC to avoid problems. 
Nevertheless, it has been shown that if the VRA were to be 
re~uced and to become binding (at approximately half the level of 
'normal' imports) or if a Variable Levy system were introduced, 
then the effects on the rest of the world market could be major. 
Whilst it is interesting to note these effects, it was show'n in 
Section 8.2.4 that the current level and type of tariff 
protection is, in fact, approaching the optimum level. It gives 
the greatest welfare gain to the EEC as a whole, so it is 
unlikely that increased protection measures would be implemented, 
even if they were permissible under GATT. 
8.3 Growth in production in NZ. 
8.3.1 Introduction. 
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NZ's livestock sector is considered to be capable of expansion, 
and hence of increasing export earnings (McLean, 1978; Laing, 
1982). Expansion of sheepmeat production could be the result of 
higher lambing percentages in a season of favorable weather 
conditions. Alternatively increased efficiency and hence higher 
.stocking and turn-off rates could result from Government 
production-incentive schemes. 
Taylor (1980) postulated that a 5% increase in the current 
lambing-rate, from the existing ewe flock, ~vould result in an 
increase in lamb exports of 30Kt. Silcock and Sheppard (1981) 
showed that this represents an f.o.b. value of approximately 
NZ$37m. Such a figure should be treated as indicative of a 
general trend only, since it takes no account of the dynamic 
effects nor the changes in world prices ~Yhich would occur. Thus 
it provides an upper bound to the likely increase in export 
earnings. The model developed in the preceding chapters can be 
used to evaluate the effects of an increase in NZ supply, and 
hence an increase in sheepmeat exports from NZ. 
A simple static measure of the effects of such an increase in 
exports is the world export demand elasticity. The measure 
reduces all the responses in the model to a single statistic. 
The general theory of export demand elasticities is developed 
in the next section. The theory is applied, to determine the 
price elasticity of demand for NZ's sheepmeat exports on the 
world market. Then, the complete model is simulated, to show 
the simultaneous and dynamic effects of an increase in NZ's 
2]0 
sup ply. Fro f.1 t his the ' t rue' e x p 0 r t d e man del a s tic i t y f a c i n g ~~ Z 
can be determined. Finally, alternative assumptions about future productic 
levels in New Zealand are tested. 
8.3.2 The theory of export demand elasticities. 
The price elasticity of demand for a country's exports is defined 
(Meade, 1954) as the percentage change in world purchases in 
response to a given change in the exporting country's price, or 
alternatively, the chan~e in the export price in response to a 
given change in the country's exports. 
The manner of deriving estimates of the export de~and elasticity 
from empirical estimates of demand and supply elasticities has 
been the subject of some concern in the literature. The various 
formulae used are based on the proportion of \vorld supply 
exported by each country, the proportion of world consumption 
imported by each country, and estimates of national supply and 
demand elasticities Yleighted by quantities traded. The conflict 
has arisen over the limitations of some of the formulae 
developed, which have either failed to account for the supply 
response of competing countries, or have assumed that perfect 
-.·=-:::-1 price transmission exists between the world and domestic markets 
(Johnson, 1977; Cronin, 1979). 
Tweeten (1967) derived the formula which is employed in this 
study. A country's exports of a commodity, Xn, is equal to the 
sum of the quantities demanded, Ci, in every other country, less 
the sum of the quantities supplied by every other country; 
( 8 • 1 ) 
= E.C. - ~.S. 
~ ~ J J i,j ~ n 
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Differentiatin~ with respect to the sin~le country's export 
prices, Pn; 
( 2 • 2 ) ax/ap =E.(aC./ap) -E.(aS./ap) n n 1 1 n J J n 
Ey definition the elasticity of export demand facing country n 
for a particular comQodity, Exn, is; 
(8 • 3) 
= 
Exn = (axn/aPn ) (Pn/Xn ) 
= Ei(aci/aPn ) Pn/Xn 
E. ac. P. ap. p 1 1 1 n 1 ap:- . c:- aP
n 
. p:- . 
1 1 1 
c. 1 
X 
n 
E. (as./ap ) Pn/X
n J J n 
E. as. P. ap. P s. - J J _J n 2 J ~ . ~ aP
n 
. P. . X 
J J J n 
where Pi, Pj and Pn are the import, e xp art and ~vorld price 
respectively. Thus, 
( 8 • 4 ) Ex = E l' E l' l' • E. • c. /X - E. E.. • E. • s. /X 
n 1n 1 n J JJ In J n 
'where Eii is the o~"n price elasticity of supply in country i , 
Ejj is the OHn price elasticity of supply in country j , 
Ein and E i j are the elasticities of prices in i and j "lith 
respect to the \vorld price, P n. 
The price elasticity of denand confronting producers in an 
exporting country then depends on a number of factors. Clearly 
Exn is not constant, but varies with the share of the world 
market held. Thus, to refer to 'the' elasticity of demand, even 
under the terms of a simple model such as this can be quite 
misleading. In fact, Exn can quite considerably (a s 
demonstrated by Powell, 1957) even over relatively small chan2es 
in the level of the exporter's output and market share. Thus, as 
the market share increases, the denominator in Equation 8.4 
increases, and Exn decreases. 
Another conclusion to be drawn from Equation 3.4 is that the 
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elasticity of demand for exports cay actually be quite lou. For 
one t h ins t h 2 pro p 0 r t ion 0 f the il 0 rId r.1 ark e t sup p 1 i e. cl b y a 
particular country contributes to the elasticity, and in r.1any 
cases market shares are q~ite large for the main exporting 
countries. It has also been shown (Horner, 1952) that imperfect 
price transmission elasticities reduce the elasticity of demand 
for exports. It is the price transmission elasticities, Ein and 
Ejn in Equation 8.4 which are sometimes ignored (ie. perfect 
price transmission is assumed) when in fact, in a world of 
insulated agricultural markets and hiZh transportation costs, 
these terms are likely to be much less than one (Bredahl, 1979). 
Inclusion of these terms in the estinate of Exn could reduce it 
considerably from the infinite elasticity which exporting 
countries are often assumed to face on world markets. 
It has been shoivn (Bredahl, 1979; Johnson, 1977; Tweeten, 1977) 
that for many commodities where domestic markets are hiChly 
insulated and where trade is concentrated amongst a few large 
suppliers, such as the wheat, cotton, soybean and sorghum 
markets, the elasticities are quite small. 
8.3.3 Measurement of the elasticity of demand for NZ's exports. 
From the theory developed in the preceeding section the 
e 1 a s tic i t y for N Z ' sex p 0 r t s 0 f she e p n eat (E x n z) iv a sea 1 cuI ate d • 
The data and information required for the calculation were 
obtained from Chapters 2-6, and substituted into Equation 8.4. 
Three values of Exnz were calculated. The first case assumes that 
on the import side all price transnission elasticities are equal 
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to one (the free trade, no transport-cost case). This free trade 
esti~ate is considered an upper bound on the elasticity of e~port 
demand facin~ ~Z. The second case uses the price trans~ission and 
demand elasticities determined from the l:lodel, and is a closer 
approxination to the real \lorld. Again, it is an upper bound, as 
price transmission elasticities nay not reflect all trade 
barriers, but only those which affect prices. 
On the export side, in the first case NZ is treated as one of a 
n u m be r 0 f com pet in.8 sup pI i e r s. For s ever aIr e a son s t his may not 
be exactly true; for example, alternative suppliers are not 
. - -': - ~.-~.-
always homogeneous or they may be complementary in their 
seasonality; exports may be controlled by marketing boards, or NZ 
may simply have more firmly established trade links. Furthermore, 
whilst fe,v countries impose import duties on sheepueat, a 
comparison of f.o.b. to c.i.f. prices reveals a differential 
which can be attributed to transport and insurance costs. On 
average over 1960-80 the ratio was 0.82:1. In the second case 
therefore, the actual price transmission elasticities were used. 
In the third case, to provide a 10v7er bound to the measure the 
assumption was made of extreme protection in the market. The 
price transmission elasticities take on values of one, or zero 
where there are barriers to trade. 
Because of the tentative nature of SOme of the model's 
elasticities, a further set of calculations were flade using 
assumed values of the responses. The values used ",!ere again the 
extremes in one case (all Eii=-1, Ejj=O.5), and more realistic 
measures in the second case (all Eii=-0.5, Ejj=O.OS). 
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The results are reported in Table 8.3. 
Comparison of the tHO extrerr:e cases, restricted trade and free 
trade, should indicate the importance of the price transmission 
elasticity in calculating the elasticity of export decland. 
However, the t~"o values were quite close together because, as 
\.jas shown in Chapter 3, barriers to trade are not a sisnificant 
problem in the international sheep~eat market. 
TABLE 8.3 
The Elasticity of Demand for N.Z.'s 
Sheepmeat Exports 
Trade Assumptions (E. , E. ) 1n In 
Responses 
(E .. , E .. ) 11 JJ 
High4 
Actua15 
Low6 
1 
-10.2 
-6.6 
-4.2 
2 E. ,E. from Table 3.2 1n In 
3 
4 
E. , E. = 0 or 1 1n In 
E .. = -1, E .. = 0.5 11 JJ 
2 Actual 
-9.5 
-6.2 
-3.9 
5 Taken from Tables 6.1 and 6.2 
6 E .. = -0.5 E .. = 0.05 11 JJ 
. d 3 Restr1cte 
-6.8 
-3.3 
-2.7 
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The results show that the export demand elasticity facing HZ is 
around -6. If there were no barriers to trade and assuming a 
relatively high degree of responsiveness in each market, the 
figure increases to -10. In the most pessimistic case, assuming 
extreme market protection and very low responses, the elasticity 
reduces to -3. Comparison of the three sets of results based on 
different assumptions about market-responses, indicates that the 
model's estimates lie bet\oJeen the two extremes. 
8.3.4 Discussion. 
In recent years NZ sheepmeat exports have represented around 53% 
of world trade and around 11% of \vorld supply. Because of the 
quite sizeable proportion of the world's supply and the extrenely 
large proportion of the world's trade coming fro"m HZ, the export 
demand elasticity facing NZ sheepmeat exports is not high. 
However, the results suggest that trade barriers are not a 
significant problem in the sheepneat market, and do not therefore 
reduce Exnz to any great extent. 
It should be noted though, that many factors (such as fixed 
contracts, Central Authority purchasing, orderly marketing 
agreements, processing, shipping and storage cqpacity, and stock 
levels in both NZ and overseas), whilst not strictly 'trade 
barriers' still restrict the responsiveness of import narkets in 
the short term. In the longer term both prices and quantities in 
such markets are likely to be affected by world price chan~es. 
Other researchers estimating static export demand elasticities 
have found that results vary, but generally lie below -10 (see 
Cronin, 1979 for a review). Scobie (1973) estil:lates a figure of 
.... :-: .. ,.>=.:.-... -.. 
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43.38 for NZ sheepraeat, but by incorporating substitution 
responses whittles this down to -6. Scobie and Johnson (1979) 
report an elasticity of -6 facing Australian shecpmeat exports, 
and Freebairn (1978) suggests that it lies in the range -4 to -
21, with the upper bound accounting for a long term or a more 
than three year adjustment period. 
Other studies which incorporate price transmission elasticities, 
whilst not actually calculating a sheepmeat elasticity, give a 
useful indication of the size of export elasticity which can 
realistically be expected. While their free trade estimates are 
relatively high, restricted trade estiIllates ("here Einz, Ejnz < 
1) generally lie below -5. Cronin su::;gests that even in the long 
term, export demand elasticties for wool and meat are only in the 
range -1 to -4. For the Australian beef market elasticity 
estimates range from -4 (Cronin, 1979), to -6 to -13 (Freebairn, 
1978) to -16.7 (Dixon, 1979). 
The estimates obtained in this study then, are consistent with 
the results of studies of similar agricultural commodities. 
In reality export responses are also dependant in the short term 
upon the factors outlined above as well as the factors included 
in the measurements made here. Even in the long term it is 
questionable whether static, constant elasticities are an 
adequate measure of export demand response. The main advantage is 
that they collapse numerous responses into a single statistic, 
which is an upper bound on the 'true' response. 
Thus the numbers given here provide a guide to the sort of 
magnitude policy-makers should be looking at when considering the 
217 
level of export production to encourage, or the setting of export 
pricing policies. 
8.3.5 Simulation of the change in NZ supply. 
Using the model the dynamic effects and price responses can be 
incorporated, to produce a more realistic figure. It was 
postulated that supply should increase by 10% in the initial 
year, in order to observe the changes in key variables in 
subsequent years during the 1981-90 period. It was assumed that 
the production increase would be sustainable, and \-1as not 
achieved by increased slaughter of breeding stock. In the short-
run producers would have to either hold back sheep from 
slaughter, causing an initial decline in output of sheepmeat, or 
achieve higher than normal production per breeding ewe. 
The model showed that the subsequent increase in sheepmeat 
production would lead to corresponding increases of around 10% 
(or 50Kt) above the Base simulation level in each of the 
following years, because of the dynamic effects of the system. 
Similarly, NZ exports increased by a corresponding amount (as the 
change in domestic off-take was negligible), compared to the Base 
simulation (Table 8.4), but still showed a decline overall, 
falling to 441Kt in 1985, and 400Kt in 1990. Thus trade was 
around 13.0/~ higher on average, than it would other'wise have 
.... . been. 
Because of the increased production in NZ the world price was 
$142/t (or 4.4%) lower than in the Base simulation. Overall the 
level of world trade only increased by 40Kt, or 4.2% over the 
Base level, as exports from other countries declined in the face 
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of reduced market prices. ~Z supply would have increased by a 
greater amount had this decline in prices not occured. 
Imports increased in most countries by varying amounts above the 
Base level, with the largest increases in the l~iddle East and the 
Rest-of-World sector, followed by the USSR, Greece and Japan. The 
EEC and the UK expanded imports marginally, but overall EEC(lO) 
imports were still within the VRA 1980/81 quota. 
The average decline in prices on the world market of 4.4% in 
response to the one-off increase in supply from NZ of 10% implies 
a flexibility of -0.44 and an elasticity of -2.27. 
TABLE 8.4 
Ex Ante Simulation of an Increase 
in Supply from N.Z. 
Variable Mean Value of Mean % Change Over 
Simulated Base Run 
Variable 
1981-90 
SNZ 534.6 Kt +10 
PW $3,087.46/t -4·4 
XNZ 425.4 Kt +13.0 
MW 1,044.1 Kt +4.2 
MUK 112.9 Kt +1.5 
Total 
Revenue $1,318.05 m +7.7 
N.Z. 
'_"_'. - "'-1 
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Relating this to the single statistic calculated in Section 
8 • 3 • 3, i t can be see nth a t the f i gu rep r 0 vi d e d ear lie r was a n 
upper bound to the response. Taking into account the 
responsiveness of NZ supply and the dynamic market effects gives 
a somewhat smaller estimate. 
The size of the elasticity indicates that NZ exports do in fact 
have some influence on world prices, and that NZ is not 
.necessarily a 'price taker' on the world market. Thus the 
suggestion that NZ is a 'small country', in terms of its position 
on the world sheepmeat market may not be appropriate; nor can 
world sheepmeat prices be taken as being exogenous to NZ supply, 
as is frequently stated (eg. Laing and Zwart, 1981; Tweedie and 
Spencer, 1981). 
Because of the change in prices prevailing on the world market, 
NZ's total revenue from sheepmeat exports was $1249m in 1985, and 
$1553m in 1990, with the increase in supply, as opposed to $1212m 
and $1345m respectively projected in the Base simulation. Thus a 
10% increase in NZ supply in the early 1980's, would lead to a 
mean level of total revenue 7.7% above what it would otherwise 
be, in the late 1980's. 
Comparing this to the estimate for overseas earnings expansion by 
Silcock and Sheppard (1981), the absolute value is obviously much 
larger, since the figure here includes mutton receipts. Their 
estimate required a 6% expansion of production to give a similar 
increase in export revenue. When world demand, supp)..y and price 
responses are taken into account, it requires an expansion in 
production of 10% to yield that increase in revenue. That is, an 
increase in exports does not lead to the same proportionate 
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expansion in revenue, and an assessment of the domestic costs of 
achieving such an expansion in supply must take this factor into 
account. 
In the predictions made so far, NZ supply has been forecast to 
decline overall during the 1981-90 period. Moreover, it has been 
shown that certain supply equations used in the world model to 
make these predictions had inconsistant price response 
coefficients. To give a view of the market which may be more 
realistic two further policy simulations were run. These assess 
the effects of firstly, the assumption of constant supply in NZ, 
and secondly, a small annual increase in NZ supply. In addition, 
to give an indication of the long-run position, the alternative 
model specification (as given in Appendix 7, with negative price 
coefficients suppressed) was utilised, both in the Base forecast 
for comparison and in the simulations. The results are summarised 
in Appendix 7. 
The first policy simulation, where NZ supply is maintained at a 
constant level, has an average world price level 6.2% below the 
Base simulation level (Table A7.2). This is due largely to an 
increase in NZ exports and a subsequent increase in world trade, 
on average 2.6% above the Base level. 
In the second policy scenario NZ supply is forecast to increase 
at an annual rate of 2%, putting the mean production level 23.7% 
above the mean Base simulation level (Table A7.3). World prices 
fall 11.4% below the Base level and hence NZ revenue is only 
14.8% above that mean Base level. 
A comparison can be made of the forecast revenue effects under 
~ ,-., .... ~ " -' .' ". -i 
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the two different assumptions about production in NZ. Average NZ 
revenue is forecast to be 5.4% higher over the 1981-90 period, 
under the assumption of an annual growth-rate of 2%, than it is 
under the assumption of no growth in production. 
Therefore, because of the importance of NZ sheepmeat exports in 
world trade, and the relatively inelastic import demand curve 
facing NZ, these policy simulations indicate that making 
different assumptions about the level of production in NZ can 
result in different scenarios of the world market during the 
1980's. 
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8.4 Simulation of no trade with Iran. 
InC hap t e r 2 the for t u ito use xp a n s ion 0 f the Hid d leE as t mar k e t 
at a time of stagnation and decline in the other major markets 
was outlined. Despite the growth in imports, trade proved 
difficult in the late 1970's and early 1980's, particularly with 
Iran, following the revolution. Trade remains uncertain because 
of the risk of inter- and intra-regional warfare, the suggestions 
of placing an embargo on trade, inability to make payments, and 
delays in negotiating contracts (Cullwick, 1980; NZMPB Annual 
Report, 1981). 
Despite the instability the market is still viewed as one with 
considerable potential (Taylor, 1980). It is likely though that a 
combination of factors "(07ill affect the Iranian trade 
detrimentally for some time to come. The worst possible situation 
would be a complete closure of the market, rather than just 
reductions in trade with individual exporters. Thus an ex ante 
simulation was run to show the effects on the world market of a 
complete closure of the Iranian market. 
In this case demand in Iran is satisfied purely by domestic 
supply, which, as was shown Chapter 4, is limited by physical 
constraints. Supply in Iran in this forecast is the same as in 
the Base simulation in Chapter 7; it remains stable at around 
350Kt. Because there are no imports however, and population in 
Iran is forecast to increase 1.2% per annum, per capita 
consumption would decline from the current level of over 11kg, to 
under 7kg. On average over the period per capita consumption is 
likely to be 38.7% lower than it would be if imports were to 
continue (Table 8.S). 
-:-:-:_J 
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In the Base simulation imports into Iran were projected to be 
196Kt in 1985, and 236Kt in 1990. In this simulation though, 
reducing imports to zero does not cause a fall of the same 
magnitude in world trade. Total world imports are forecast to be 
below the Base forecast levels by only 115Kt in 1985, and 122Kt 
in 1990 (or 11.5% on average), as lower prices encourage an 
increase in imports into other regions. Imports would have to 
.rise by around 15Kt in each of the other regions, above the Base 
TABLE 8.5 
Simulation of Cessation of Trade with Iran 
Variable 
MI 
PW 
MW 
MUK 
MEC (10) 
XNZ 
XAU 
Total 
Revenue 
N.Z. 
PCI 
Mean Simulated 
Level 
1981-90 
Zero 
$2,374.0 
887.5 Kt 
12B.2 Kt 
242.9 Kt 
377.B Kt 
360.2 Kt 
$896.897 mill 
7.4 Kg 
US 
Mean % Change 
Over Base Run 
-26.5 
-11. 5 
+15.2 
+14.2 
-O.B 
-lB.3 
-27.3 
-3B.7 
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forecast levels, to absorb the surplus. The largest expansion is 
forecast to be in Japan, Greece, North America, the UK, and the 
USSR, where demand is relatively price elastic. Production, 
however, would also be discouraged by depressed prices in these 
importing countries in the longer term, so consumption would only 
increase moderately. 
Even though imports into the EEC(10) are forecast to be 14.1% 
.higher than in the Base simulation, at a mean 243Kt, they are 
within the VRA quotas set in 1980/81 of around 320Kt. 
Correspondingly, exports are forecast to be belo\" the Base 
forecast level in all exporting regions, with large reductions in 
Australian exports, and lesser but significant reductions in 
exports from the Rest-of-World region. NZ exports are forecast to 
decline slightly, and to be an average 0.8% below the average 
Base level. The response in NZ resulting from falling prices 
could be somewhat larger than forecast. (It should be recalled 
-, 
that the estimated price elasticity for NZ (Section 4.3.9) ,,,as 
extremely small, and provides a lower bound to changes). 
Thus, in itself, the cessation of imports into Iran would have 
only a small effect on NZ exports, as NZ would not have had the 
capacity to supply a large proportion of the original expansion 
which was projected (and which, as was sho\"n in Chapter 7, would 
have been· supplied mainly by Australian and the Rest-of-World 
exporters). The more significant effect, which would be 
detrimental to NZ, would be the indirect depression of world 
price levels. 
The effect of a closure of the market would be sp~ead over a 
I 
number of years. World prices are forecast to decline 11.3% in 
",·Co .. ,·",·;·,···:-:·:·.;;-·J 
-'"-". 
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the first year, to remain below current levels up to 1987, and to 
increase only slightly thereafter. Prices of $2242/t and $2925/t 
are forecast for 1985 and 1990. This is, on average, 26.5% belo\v 
the mean projected price when imports are no~ restricted, and 
leads to the reduction in exports and expansion in imports 
outlined above. 
Finally, total revenue in NZ, which under the Base forecast ,,,as 
,projected to be $1,212m in 1985, and $1,345m in 1990, would only 
be $850m and $951m in those years (or a mean 27.3% lower) if 
imports were reduced to zero. 
Some qualification of these results is in order. This scenario 
portrays, of course, the worst possible situation. If trade were 
put in jeopardy as a result of an attempted embargo the results 
would be less severe, as some imports may continue from oth'er 
sources. The possibility of collusion amongst all exporters is 
remote, especially in view of the drastic effects on the \oJorld 
price. 
Offsetting this though, other markets are unlikely to be as 
'absorbent' as forecast. Each market prefers a different quality 
of meat, so may not be willing to purchase the type being 
diverted away from Iran, in the short term. For example, much of 
the meat purchased by Iran from NZ is lamb, but the markets which 
are predicted to absorb excess supplies, such as the USSR and 
Japan, pr.efer to purchase mutton as a form of bulk protein. On 
the other hand, a large proportion of Australian exports to the 
Middle East is mutton, which would not be readily sold in the 
other main markets, of Europe and North America. 
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Moreover, if the Iranian market were to close as a result of war 
or closure of ports, other markets, such as Iraq, could be 
affected. This would reduce trade ~.,ith the model's Rest-of-liorld 
reg ion, ~y hie h inc Iud e sot her Hid dIe E as teo u n t r i e s. Th e e f f e c t 
therefore would be worsened, so the results given here are 
possibly a good indication of the overall situation. 
In this chapter a number of issues currently facing the sheepmeat 
industry have been analysed in some depth, using the model 
developed in previous chapters. In the following, final chapter a 
summary is given of the whole study and some general conclusions 
are drawn about the market. The scenarios simulated here provide 
a basis for discussion of the particular implications for NZ. An 
indication is given of possible areas of future research. 
":,1 
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9.1 Summary. 
CHAPT ER 9 
CONCLUSION. 
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The aim of the study was to examine the dynamic structure of the 
world sheepmeat market, and from a better understanding of the 
relationships existing among the various regions to draw some 
implications for policy. 
,The approach followed was firstly, to review international trade 
over the 1960-80 period, in order to identify important features 
and changes in the market, and the factors causing them. 
Sec 0 n d I y , inCh apt e r s 3 - 6 , are 1 a t i vel y s imp Ie, hom 0 log 0 us mod e I 
was developed over the same period, incorporating the essential-
features of the market. In Chapter 3 a non-spatial price 
equilibrium model was specified from the general class of 
commodity trade models. Several assumptions and simplifications 
were made in order to derive an estimating form of the model. The 
next two chapters dealt with the specification of derived supply 
and demand functions, and subsequently with the 23 estimated 
equations. The complete model was brought together in Chapter 6, 
with a set of identities determining net trade in each region, 
and a market-clearing, price-determining mechanism. 
The model was validated using a dynamic ex post simulation, and 
comparing the predicted with the actual va1.ues. An ex ante 
simulation was run over the 1981-90 period, to provide market 
forecasts and a basis for comparison in the following chapter. 
The model was then used in Chapter 8 to analyse in more depth a 
number of issues currently facing the industry. These included 
determining the abili~y of the world market to absorb an increase 
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in NZ's exports, and a closer examination of the problems in the 
Iranian market. The effects of current EEC protection, the theory 
of optimum tariffs and alternative methods of protection were 
also examined. The simultaneous, dynamic properties of the model 
meant that these issues could be evaluated in terms of their 
effects on other countries over a number of years. 
Based on the results described in previous sections, a number of 
specific conclusions which have implications for policy making 
can be drawn about the sheepmeat market. 
9.2 Conclusions. 
9.2.1 Factors influencing supply. 
In analysing the supply sector of the industry it was found that 
the main determinants of sheepmeat production were sheepmeat, 
wool and beef prices, previous levels of supply, weather 
conditions and trend factors. The effects on production occurred 
over a period of time. 
Production equations for the different regions did show some 
similarities, as sheep farming is an extensive, pastoral-based 
industry in most countries. The responsiveness of production to 
changes in international sheepmeat prices was uniformly low in 
all areas studied. Similarly, the response to changes in prices 
of complementary products, such as wool, and substitute 
enterprises such as cattle, was quite low. 
The signs of the price coefficients though, were not uniform in 
all regions; the anomo1ous parameter estimates in certain cases 
a p pea red to be awe a k n e s s 0 f the mod e 1. Th e sec 0 u 1 d not be 
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improved, even when re-estimated using different functional forms 
or data series. The coefficients of the lagged dependant 
variables also varied in size, reflecting certain basic 
differences in production systems. Previous levels of supply and 
the time trend were frequently the most significant factors 
affecting current supply. 
As production responds weakly to economic factors, and then only 
after a time-lag, the earlier suggestion that biological and 
other non-economic factors have a more important effect on 
output is confirmed. For instance, seasonal rainfall was shown to 
have a considerable impact in regions such as Australia and NZ, 
whereas output was restricted by traditional farming systems in 
Greece and the Middle East. There was however, evidence to 
suggest that producers have increased their ability to adjust to 
changes in recent years, and are now less bound than previously 
by traditionalism and environmental constraints. 
9.2.2 Factors influencing demand. 
The equations estimated to explain consumption in Chapter 5 
indicated that the main determinants of consumption were prices 
of sheepmeat and substitute meats, incomes and taste factors. The 
responses varied with respect to the importance and direction of 
their effects. 
In virtually all countries the derived elasticity of demand with 
respect to sheepmeat prices was found to be low. Income was found 
to be a positive determinant of sheepmeat consumption in most 
countries, but consumption fell as incomes rose in a few cases. 
Generally though, the income coefficients were not significant. 
_ ..... . 
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The effect of prices of other meats also varied between regions, 
depending upon the traditional place of sheepmeat in the diet. 
Beef appeared to be the main substitute for sheepmeat, though 
there was evidence of competition from pork and chicken. 
A significant trend factor was found in many regions where, for 
example, tastes and eating patterns are changing. 
9.2.3 Factors influencing trade. 
By establishing the factors which determine domestic supply and 
demand it was possible to identify from the model the causes of 
changes that have taken place in total volume, direction and 
value of trade over the 1960-80 period. Excess supplies occurred 
in those countries (mainly in the Southern hemisphere) with large 
numbers of sheep and relatively low populations and domestic 
demand. Most excess demand for sheepmeat occurred in the more 
industrialised and heavily populated countries of the Northern 
hemisphere. Factors such as increasing population and incomes in 
the Middle East and Japan, taste and relative prices of pork and 
poultry in the UK, and returns from sheep relative to beef and 
wool in Oceania have caused changes in the traditional patterns 
of trade in recent years. Demand has grown at higher rates than 
supply, and this has resulted in small annual increases in real 
prices (though it was noted in Chapter 3 that real prices 
actually declined in certain regions,due to unfavourable 
inflation and exchange rates). 
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9.2.4 Stability of the market. 
Both prices and volumes traded in the sheepmeat market have been 
relatively stable, in comparison with other commodities (OEeD, 
1979) • 
One reason for market stability is the volume of sheepmeat 
supplied in relation to total world meat supply. Although around 
12% of sheepmeat production enters international trade, this is 
only around 8% of all meat traded, and only 0.6% of all meat 
produced. Whereas exporters rely heavily on trade, importing 
countries have a high level of self-sufficiency. Thus, as a 
result of generally high import demand elasticities the markets 
of importing countries tend to be more stable than those of 
exporting countries. 
In addition, -the low price elasticities on the supply side 
coupled with somewhat higher responses on the demand side give 
the market convergent properties. This has tended to stabilise 
the market and, following a shock (such as a change in NZ supply) 
prices show no tendency to 'explode'. This was confirmed by the 
analytical experiments in Chapter 8. 
However, it has been suggested (OECD, Ope cit) that the low 
supply and demand responses have led to a certain amount of short 
term price instability, particularly in the mutton market. 
(Because of the level of aggregation neither of these effects 
could be investigated with the model). 
9.2.5 Market prices. 
The market is characterised by a few dominant traders such as the 
UK and NZ, each of which can have a significant effect on ~~orld 
. '~-.=-.<- .',:-
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trade and prices. In turn, prices set in the UK, at Smithfield, 
appear to have a strong influence on trade in most areas. 
Many international contracts are negotiated with respect to the 
Smithfield price, even though only a small proportion of British 
meat imports are traded there. As it tends to be a residual 
market and prices rather unstable in the short term, it does not 
provide a good basis for setting prices for contracts or sales in 
other markets (Ross et aI, 1982). Any instability is transmitted 
to these other markets and is then fed back to what is still, 
after all, the world's largest import market, the UK. 
There is little possibility however, of reducing the importance 
of Smithfield's role in the price-formation process. Overall 
market transparency has been reduced by the increase in direct, 
private sales, in which the price is rarely revealed. So, even 
though the Smithfield market may not reflect market conditions 
because of the small number of transactions there, it does 
provide one of the few remaining free-trade markets. 
Because of the dynamic properties of the sheepmeat market, it 
takes time for any price or other changes to work through the 
system. The main restrictions on immediate adjustment are 
biological and environmental constraints which reduce the ability 
of producers to adapt to the new market conditions. Thus, the 
effects of the change are reflected throughout the international 
market over a number of years, but become smaller over time 
because of the market's convergent properties • 
The derived responses of domestic supply and demand estimated in 
the study yield useful information on the extent to which 
domestic producers and consumers do (or do not) respond to 
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international prices. This can be of considerable interest to 
traders, since they face this level of response in the world 
market. The derived responses were low and frequently 
insignificant, and it was estimated, in Chapter 6, that the 
actual responses were not much greater than the derived 
responses. However, it was felt that the price transmission 
elasticities could be considerably smaller than those used in the 
calculations. Hence, the actual responses to domestic prices 
could also be greater if they were to account for meat quality 
differences and the many other factors which distinguish the 
domestic from the international market. 
9.2.6 The market in the 1980's. 
The outlook for the market over the next ten years was predicted 
in the forecast in Chapter 7. The forecast indicates that the 
increase in both volume and value of trade seen during the 1960-
80 period is likely to continue through the 1980's. The 
technological, social and physical constraints identified in 
Chapter 4, which slow the expansion of supply in most countr.ies, 
are reflected in the forecast. Similarly, the consumption 
forecasts reflect mainly the taste, income and other trend 
factors identified in Chapter 5. Therefore, as the rates of 
increase in supply are unlikely to match the growth in demand, 
world prices are forecast to rise considerably in real terms, by 
the model. 
The trend towards market diversification on the import side which 
occurred during this period is also likely to continue in future, 
with the decline in traditional markets and the expansion of 
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many small, new markets. 
Most of the expansion in export supply is likely to come from 
non-traditional exporters, though the traditional producing and 
exporting countries could maintain their supply levels. This 
implies increasing competition for exporters however, both in 
retaining existing markets and in capturing new ones. 
9.2.7 Analysis of current issues. 
A number of conclusions can be drawn from the policy analysis in 
Chapter 8, regarding issues currently facing the industry. 
Imports showed varying degrees of responsiveness to supply and 
price changes, reflecting the size of each country's supply and 
demand elasticities and its population. The regions most 
responsive to change were the USSR, Iran, Japan, the UK, Greece 
and the Rest-of-World sector. Canada, the US and the EEC were 
also responsive, but to a lesser extent. Similarly exports showed 
varying degrees of responsiveness, depending on the elasticity of 
supply and the size of the domestic market. 
From the policy experiments concerning the Middle East it was 
concluded that excessive dependance on such an unstable market is 
unwise, even though it offers potential for expansion. If the 
Iranian market were to close, the long term effects on the 
sheepme.at market could be significant. World market prices and 
exporters' revenue would fall sharply, as 'other import markets 
would be unable to absorb the large quantities projected to be 
available for export during the 1980's. 
The conclusion from the second area of analysis was that if NZ 
excess supplies were greater than at present, world prices could 
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be depressed. The market could absorb a large proportion of the 
increase at a lower price, so NZ total revenue would increase, 
but by less than the full amount of the growth in supply. The 
elasticity of demand for NZ's exports is less than perfectly 
elastic and appears to be in the range of -2 to -6. The 
elasticity is reduced by NZ's large market share rather than by 
barriers to trade, though the latter do reduce the respon~iveness 
of overseas demand to some extent. As well as other more obvious 
barriers, outlined in Chapter 2, such things as fixed contract 
deals, Central Authority purchasing and orderly-marketing 
agreements effectively restrict NZ's access to overseas markets 
in the short term. In the longer term domestic market conditions 
may be reflected in import agreements, but over the period of the 
contract, volumes - and often prices - are fixed. 
Contractual arrangements generally give greater stability of both 
price and volumes to the traders involved. But such restrictive 
agreements effectively reduce the size of, and increase any 
instablity in, the residual 'free trade' market to the detriment 
of traders' there. 
The conclusions arrived at from the final area of policy analysis 
could provide a useful background to the re-negotiations of the 
EEC sheepmeat regime in 1984/85. Any restriction on imports into 
the EEC raises EEC market prices, reduces the level of world 
,.:, .• , trade and depresses the world market price. Some forms of 
protection are more restrictive than others and also have an 
effect on world price stability. 
It was estimated that the current form of restriction in the EEC 
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reduces the world price almost 2% below what it would be in a 
free trade situation. 
The current form of tariff restriction though, is close to 
optimal for the EEC, and (because the VRA's are not binding) is 
also the most favourable for exporters if any form of restriction 
is to be applied. Even under a binding VRA, exporters are able to 
min i m i set h e i r rev e n u e los s e s. H 0 \0/ eve r , the V R A i sun 1 ike 1 y t 0 
become binding in the next few years unless it is re-negotiated 
to lower levels. This is because projected EEC import levels are 
well below cur r e n tor p 0 s sib 1 e f u t u reI eve 1 s 0 f the VR A, due t 0 
the decline in market demand in the UK. The decline is the result 
of taste, income and cross price effects, and is not likely to be 
fully offset by the projected increase in consumption in the rest 
of the EEC. 
The least favourable protection policy for exporters which could 
be imposed would be a Variable Levy or a highly restrictive quota 
as either affects both the level of the world price and its 
stability. 
9.2.8 Qualification of the results. 
Certain qualifications about these projections and conclusions 
are in order. 
Firstly, the Base forecast was made under a specific set of 
assumptions. Changes in the levels of the exo~enous variabl~s 
. - '.---.:--,' 
could result in significantly different values for the projected 
endogenous- variables. For example, although income elasticities 
with respect to sheepmeat are positive, the effect of income on 
overall demand depends on the assumptions made about future 
'::-:-) 
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levels of real incomes. In view of the world recession in 1980 
these could be lower than forecast, which would restrict 
purchases of goods like sheepmeat. 
Secondly, the analysis was done in a partial equilibrium 
framework; no account was taken of the simultaneous relationships 
with other meats. There is likely to be greater substitution with 
other meats if prices do rise substantially, according to the 
'total elasticity' concept. For example, if EEC market prices 
were as high as the simulations suggest under a highly 
restrictive policy, then beef, pork and poultry prices would also 
be likely to rise as increasing substitution occurred. Similarly, 
if the Iranian market were closed and world sheepmeat prices were 
depressed, other meat prices would fall as demand for them 
declined. Thus the forecast changes in the rest of the worl& 
could be moderated. 
Moreover, pork and chicken could continue to decline in price 
relative to sheepmeat (FAO, 1979; Ojala, 1982) possibly faster 
than assumed in the forecasts. They would pose increasing 
competition as substitute meats, especially in regions such as 
the Middle East. Many countries are looking to this region as an 
outlet for their growing (and frequently subsidised) exports of 
beef and poultry meat. 
The forecast takes no account of feed-grain costs, but "the 
:<.: .': i e vol uti 0 n of the world energy situation could improve the 
comparative advantage of the pasture system of livestock 
production" (Ojala, Ope cit). If feed costs, and hence relative 
beef prices, were to rise substantially, sheepmeat could become 
more attractive to consumers. World grain harvests and prices are 
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likely to continue to be particularly significant in affecting 
USSR import policy. 
The changes in import demand which were projected following an 
increase in exports from any country, are not necessarily 
feasible in the short term. The estimates provide an upper limit 
to the likely short term effects'and indicate the long term, 
equilibrium position. This is partly because of the difficulty in 
breaking down 'sheepmeat' into mutton and lamb, and the different 
markets for each. For example, if NZ were to increase its supply, 
in the short term this would be comprised of mainly lamb. The 
model projected that some of this would be purchased by the USSR 
as well as the UK and other countries. It is unlikely though that 
this would occur in the short term, as the Russian demand is 
mainly for mutton. In the longer term increased mutton would also 
be available to satisfy the demand for bulk protein. 
Additional restrictions on such an expansion in exports are 
likely to be in the form of higher protection in importing 
co u n t r i e s. For ins tan c e, if N Z at t e m pte d toe xp and sal e sin the 
EEC, one of the various types of more restrictive trade barrier 
analysed in Chapter 8 could be imposed. Overall this could 
actually reduce total revenue, despite the increase in exports, 
i~ world prices were severely depressed. 
Hany other factors could come into play to alter the forecasts. 
Some are unpredictable (such as wars, revolutions or droughts), 
others are more predictable (such as intra-EEC trade effects or 
NZ's export selling strategy) and could be built in to the 
forecasts to give a range of possible outcomes. 
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9.2.9 Assessment of the model. 
To conclude this section an assessment of the model is in order. 
In terms of achieving the stated objectives, its performance for 
structural analysis was good. Whilst some of the parameter 
estimates on the supply side were disappointing, as a system it 
replicated market events well. 
Its performance was felt to be weakest as a forecasting tool • 
. It was not built for this purpose specifically though, so this is 
of no great concern, since its ability to provide a realistic 
Base simulation was adequate. 
The model perhaps performed best as a simulation tool for policy 
analysis. Because of its simple structure it was capable of 
handling a variety of situations and of yielding plausible 
results, on the basis of which it was possible to draw 
implications for policy. 
9.3 Implications for NZ 
The study assessed NZ's export position and highlighted the main 
issues facing the industry. Several implications can be drawn-for 
NZ. 
NZ has a comparative advantage in pastoral livestock production 
and relies heavily on exports from this sector. The main output 
from the sheep industry is meat, but both the mutton and lamb 
export trade have faced a number of difficulties in recent years. 
The problems facing NZ result from the traditional reliance on 
one major market and the decline of this market at a time of 
increasing exports from NZ. Despite moves to diversify into new 
areas, some of the importers (such as the USSR, Japan and the 
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Middle East) have proved to be irregular purchasers. Trade is 
increasingly subject to access barriers, or purchasing by Central 
Authorities. There has also been increasing co~petition from 
white meats and beef, and from both traditional and new exporters 
whose excess supplies, like NZ's, have also increased. 
The forecasts imply that these trends are likely to continue 
through the 1980's, though NZ export levels should stabilize. 
Overall NZ revenue could increase marginally, even if exports do 
not grow, as a result of rising prices on the world market. It is 
likely though, that NZ will continue to be faced with the problem 
of finding markets which offer attractive prices for its 
sheepmeat. 
Two strategies are available to NZ if the objective is for the 
sheep industry to earn higher and more stable returns, within the 
constraints of such problems. These could be either to improve 
returns from the existing export volume, or to expand the volume 
exported. A few of the issues and constraints related to each are 
i 
, discussed here, as they affect NZ policy making. 
The analysis showed that if NZ were to increase revenue by 
encouraging an increase in its exports, world prices would be 
depressed because it is already such an important participant in 
the world market. The cost of achieving such an expansion 
therefore ~equires careful assessment. 
Moreover, it was shown with the estimated equation that NZ 
producers' response to economic factors is small in the short and 
medium term. This may simply be a problem of poor parameter 
estimates, but it should be recognised when designing policies to 
expand output. Also, little is known about NZ farmers' marginal 
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propensity to invest. It may be that hig~er returnS from 
guaranteed prices are treated as a 'windfall' gain, and spent on 
extra consumption rather than invested to expand future 
production. Policies based on the price mechanism may not 
therefore be an effective method of encouraging expansion. It 
would perhaps be more effective to help producers to adjust more 
rapidly, by increasing their supply response to changing world 
market conditions. 
Some of the constraints on expansion on the export side were 
identified with the simulations. The new markets which NZ is 
diversifying into (eg. Japan, the USSR, the US and Canada) are 
not projected to expand greatly. They are more likely to require 
imports at about the current levels in the long term. The market 
which NZ exporters feel offers the greatest potential - the 
Middle East - was indeed shown in the Base forecast to become a 
major importer in the 1980's. The area however, offers little 
security for a long term stable market because of the political 
situation. Further analysis showed the effect on NZ of a closure 
of the Iranian market, and the sharp decline in NZ revenue as a 
result. 
The simulated scenarios all painted a pessimistic outlook for the 
possibility of increasing NZ revenue in future. NZ may therefore 
be justified in its concern over the state of the industry 
(Cullwick, 1980) and needs to devise both pricing and allocation 
policies to avoid the type of issues dealt with. 
NZ needs to continue its diversification into other markets, such 
as the EEC(8) and the Rest-of-World sector (ego North Africa, 
-. - .. , - - -.<::' 
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Western Europe) or to try to stabilise trade with irregular 
purchasers such as Japan and the USSR. Spreading trade over a 
number of markets should reduce fluctuations by pooling risk 
amongst them. Market diversification in itself does not 
necessarily imply an increase in stability though, and it may be 
more appropriate to trade with a few stable economies, rather 
than diversify trade over many unstable countries. 
It has been suggested (NZMPB Annual Report, 1981) that an 
appropriate balance for exports would be one-third to the EEC, 
one-third to the Middle East and the remainder going to other 
markets. To achieve this, in future " new opportunities will 
involve a major emphasis on market development in specific 
countries rather than continued diversification of sales. This 
will require an integrated approach to the role of different 
markets, the ditferent levels of profitability, and the need to 
balance sales returns with market or economic risk" (Cullwick, 
Ope cit). 
It is therefore important for NZ to attempt to maintain supplies 
to the EEC(10). This should be done by diversifying into the 
Continental EEC states, in view of the fragility of the UK 
market. If the UK market price were to be depressed there is a 
danger that the EEC might attempt to introduce a more stringent 
pricing policy to support internal market prices (for instance, a 
Variable Levy system). 
On the other hand, NZ needs to maintain supplies to the region to 
prevent a reduction in the VRA being negotiated (the analysis in 
Chapter 8 showed the damage that a more restrictive VRA could 
do). Noreover, NZ needs the EEC as a long term, stable market, in 
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view of the riskiness and slow growth of alternative markets. 
In the 1984/85 re-negotiations, assuming that the EEC continues 
to impose some form of trade barrier, NZ would minimise its 
revenue losses by agreeing to voluntarily restrain exports at the 
current favourable levels. A further reduction in the tariff 
(preferably to zero, or at least to a lower level) could be 
requested. This would also ensure welfare maximisation within the 
,EEC, consistent with the continuing forecast decline in imports. 
NZ authorities have little direct control over production, and 
although it is possible to control allocation of supply to the 
various markets, the extent to which monopoly power can be 
exercised through such control is limited. Whilst NZ exports form 
a large part of world trade and face a relatively low world 
export demand elasticity, self-sufficiency levels are high in 
most countries and there is growing competition from other 
exporters, which reduces NZ's ability to manipulate individual 
markets. Moreover, NZ sheepmeats have always been in a highly 
competitive situation with other meats. Because of this, .the 
status of sheepmeat relative to other meats (ie. whether it is a 
'preferred' meat, or whether price levels are more important, and 
whether tastes are changing) in the specific country in question 
needs to be taken into account in pricing and promotion policies. 
The size of the derived supply and demand responses determined in 
the study give an indication of which import markets are most 
'absorbent', and which exporters pose the greatest potential 
competition. Export policies should be designed which account for 
the size of market responses and which are also consistent with 
244 
the continuing forecast decline in traditional markets, and the 
expansion of many small, new markets. 
The rapidly changing markets and the degree of competition point 
to the necessity of maintaining a flexible and adaptable trading 
system, within which enterprising exporters are able to look for, 
and take advantage of new opportunities. Encouragement of sound 
marketing strategies among these exporters is perhaps more 
important than attempting to regulate world markets. Some control 
may be necessary though, to enable exporters to operate 
efficiently in individual markets and develop new ones 
(Hilgendorf, 1980). 
Whilst the model is useful in terms of general international 
market analysis, there are a number of issues ,.,hich a detailed 
market strategy for NZ's sheep industry should also incorporate. 
These generally lie in the area of improving efficiency and 
revenue within the existing structure. Most lie outside the scope 
of the model but are pertinent to the study as a whole, as they 
have implications for policy. 
On the domestic side the issues include reducing production 
costs, reducing variability in the level and quality of supply, 
improving yields, and spreading the kill over a longer period 
(Johnson and Taylor, 1976). The main limitations on such changes 
are physical constraints and the necessity of maintaining some 
flexibility in production (because of changing market demand, and 
. . * var1able weather conditions ). 
The model showed that weather conditions cause much of the 
variation in output from year to year. Further research should 
perhaps be undertaken into ways of minimising resulting 
instability of production and hence of export earnings. 
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Other areas where the level of internal efficiency could be 
improved are in the transportation system (Inness and Z~lart, 
1979) and the freezing industry (Sheppard, 1982). Clearer price 
signals to the producer of market demands would ensure supplies 
of carcases of the form which the market requires (Barton, 1972). 
Higher productivity and returns in the processing sector should 
result from technological advances, from better utilisation of 
by-products, and from value added by further processing (Johnson 
and Taylor, Ope cit; Silcock and Sheppard, Ope cit). Similarly, 
product development would allow meat to be provided in forms for 
w hi c h mar k e t s are pre par edt 0 pay apr e m i u m. An e x a m p.l e is the 
air-freighting of chilled meat to the Middle East. 
Reductions in shipping and other intermediate marketing costs 
would increase returns to producers (Chudleigh et al, 1978; 
Chudleigh, 1980). 
In terms of export market development, returns could probably be 
improved by exploiting the full potential of large, stable 
markets, as well as new so-called 'development' markets. This 
requires a co-ordinated approach, using promotion and advertising 
(Cullwick, Ope cit). 
Although carcase meat trade is likely to continue for many years, 
higher returns could be achieved from further processing (Silcock 
and Sheppard, Ope cit). Linked with this, selling more meat on 
contract would stabilise returns and be a move towards 'product 
marketing', rather than the traditional 'commodity trading' 
approach (Hilgendorf, 1980). Other means of improving and 
stabilising returns have been suggested by Ross et. ale (1982). 
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They propose that introducing a greater degree of competition 
among exporters within NZ would increase market transparency. 
Hence "a publicly determined price would be set in NZ, reflecting 
the demands from all markets around the world. Smithfield would 
therefore lose its pre-eminence in the setting of the price, and 
instability in the UK market would not therefore be transmitted 
to the prices received for product to be sold in other markets". 
In order for NZ to design a 'global strategy' for its sheep 
industry detailed information is needed on individual market 
requirements, on the characteristics of each market (eg. single 
buyer; new market) and on the most effective methods of selling 
in each (eg. single seller or licensed traders). By linking this 
qualitative information with the quantitative information 
provided by the model, future marketing directions can be 
defined, in terms of which markets to develop and how to develop 
them. 
In turn this would enable farmers, as well as freezing, transport 
and export companies to plan their own directions for th~ future. 
9.4 Areas for further research. 
There are a number of lines along which the research done in this 
study could be extended. 
The scope could be broadened to cover smaller participants in 
international trade, especially the individual countries of the 
EEC, the Middle East and East Europe. This would be rewarding in 
view of the development projects being undertaken, and the 
apparent potential for trad~ in these regions. 
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G i v e nth e e xp e c ted r i s e ins he e p mea t p ric est her e is a que s t ion 
of whether or not other, marginal regions could profitably be 
developed for sheep 
promising (World Bank, 
farming. Though the prospects are 
1977) the potential should be assessed, 
not 
as 
increasing input prices could reduce the profitability of more 
intensively-produced meats. 
The model could be refined, were data available or if certain 
heroic assumptions were made, in the following areas. 
The study suggests that the concept of an integrated world 
sheepmeat market with one product and one world price is a useful 
simplification for analysis of the long-run structure and 
functioning of the market. But it is probably too great a 
simplification for the analysis of the short-run aspects of the 
market. For instance, the temporal aggregation made in Chapter 3 
introduces a certain amount of error into the model. The bulk of 
sheepmeat production is six months out of phase in the Northern 
and Southern hemispheres. Nevertheless, for the sake of 
simplicity and because of available data, an annual model must 
necessarily force events in different trading regions to occur 
contemporaneously, when in fact they do not. This will introduce 
some distortion into the price relationships estimated here, and 
the predictions will be biased. 
The development of a quarterly or monthly model, which looks at 
the generation of short-run moves in stocks, trade flows, and 
seasonal patterns could therefore be useful. 
To account for distinct trade patterns between regions, a trade flow model 
of the Armington type (Thompson, 1980) could be developed. Even if flot.7 
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data were not available this could be done by making some rough 
assumptions about market shares. Transport costs and regional 
prices could also be built in. 
The breakdo~.,n of the aggregate 'sheepmeat' to mutton, lamb and 
live sheep would account for the distinct response patterns of 
each. This would reduce any bias in the forecasts and ensure that 
results are also feasible in the short-run. Again, if no separate 
data were available, assumptions could be made about the 
proportions of each product traded. Similarly, if more detailed 
sheep numbers and slaughter data were available, both livestock 
inventory and turn-off equations could be estimated, instead of 
the reduced form functions in Chapter 4. 
It should be noted though, that most of the above refinements 
require a trade-off between greater detail or realism, and lower 
accuracy of data, given the data currently available. 
A general assumption made was that all trading countries behave 
competitively. This was shown to be true by calculating the 
responsiveness of domestic to world prices. Distortions to trade 
could occur, however, that were not reflected in prices. These 
would include health and veterinary regulations, licensing by 
G a ve r n men t s a r Ha r k e tin g B a a r d s, 0 r t r a deb e i n gin the han d s a f 
one or a limited number of traders. It may be possible to 
incorporate some of these factors into the model. Alternatively, 
if reliable domestic price series were available, actual rather 
than derived functions could be estimated. 
Further work could be done to account for the nature of 
competition between meats on both the supply and demand side. 
This would naturally evolve towards a model of the entire world 
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meat market. Since such models exist (with little detail of 
sheepmeat trade at present) it would be feasible to link one of 
them to this model. 
Similarly, it would be possible to replace the equations for a 
particular country with a more detailed model of that country's 
agricultural sector or domestic meat market. This enables world 
market prices to be endogenised within a national model. 
Finally, the simulation analyses could be extended to cover a 
wide range of issues of current concern to the industry. From 
this, and other existing studies, it would be possible to develop 
a 'global policy' on sheepmeat exports. 
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APPEl'TDIX I 
VARIABLE DEFIt:ITIONS FOR THE HODEL. 
Variable name Definition and source 
\~ 0 rId p ric e 0 f she e p mea t ; Smithfield (UK) price for 
imported, PH grade, NZ lamb; US$/t (NZUPB, Annual Report). 
Pi Pw converted to real national currency, in region i. 
Si Quantity of sheepmeat produced in region i, thousand tonnes 
carcase ~veight per annum. (Foreign Agricultural Circular, 
Livestock and Heat, USDA-FAS). 
Ci Quantity of sheepmeat consumed in region i, thousand tonnes 
carcase weight per annum. (as above). 
PCi Per capita consumption in region i, calculated from ci/Ni. 
Xi Quantity of sheep meat exported from region i, thousand 
tonnes carcase weight equivalent basis. (Source as above). 
Mi Quantity of sheepmeat imported by region i, thousand tonnes 
per annum. (Source as above) 
Ni Population in region i, millions at mid-year. (Demographic 
Yearbook, UN, 1980). 
Yi Income per capita in region i. Real domestic currency. 
Calculated from; (us$GNP*ERi)/(Ni*CPli). (International 
Financial Statistics, IUF). 
ERi Exchange rate in region i; domestic currency/US$. (IMF). 
T Time variable. (1960 = 1, 1980 = 21). 
" CPli Consumer Price Index in region i. (1970 = 100). (UfF). 
CPIW World All Commodity Price index. (1970 100). (IHF). 
DP\~ Pw/CPHl 
DUK UK supply and del.land; the dummy variable reflects the 
UK's accession to the EEC. (1960-73 = 0, 1974-80 = 1). 
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DI Iranian supply and demand; the dummy variable incorporates 
the effect of the revolution. (1960-78 = 0, 1979-80 = 1). 
DAR Ar.<>,entina; the dummy variable represents the military 
takeover of Government. (1960-71 = 0, 1972-80 1). 
DG Greece; the dummy variable represents the change" to 
civilian Government. (1960-73 = 0, 1974-80 1). 
PlvL \{ 0 r 1 d woo 1 p ric e ; Au s t r ali an g rea s y at who 1 e sal e , 
US$/lOOkg. (Production Yearbook, FAO). 
PB World beef price; average export unit value, US$/tonne. 
(Production Yearbook, FAO). 
vlPB PB/CPHJ 
PBAR (PB*ERAR)/CPIAR 
PWLAR(PWL*ERAR)/CPIAR 
RAU Australian Weather index; a seasonal index measuring 
rainfall and sheep performance factors, as a percentage of 
the normal. (BAE, Pers. Comm.). 
PBAU Australian beef price, real Auc/kg, retail. (BAE, Situation 
and Outlook). 
PBRLYC Canadian Barley price; Feed No.1, in store, Thunder Bay, 
real c$/tonne. (Production Yearbook, FAO). 
PBC Canadian beef price, calculated from PBUS converted to real 
c$. 
PBEC EEC beef price, calculated from PBUK converted to real ECU. 
P B J J a pan e s e bee f p ric e , me diu m qua lit Y , a t \'1 h 0 1 e sal e , T 0 kyo, 
real yen/kg. (Japanese Statistical Yearbook). 
PPJ Japanese pork price, li1edium quality, at wholesale, Tokyo, 
real yen/kg. (Japanese Statistical Yearbook). 
'-' .. '-' 
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PWLNZ NZ wool price; average auction price for greasy wool, 
real NZc/kg. (Production Yearbook, FAG). 
PBNZ NZ beef price; average mid-month schedule for P.I Steer, 
real NZc/ke. (NZHPB, Annual Report). 
S HD N Z ~., eat her in d ex; the ReI at i v e So i 1 11 0 i stu reD e f i cit 
Index of the number of days of no grass growth per year. 
( N Z Met eo r 0 log i cal S e r vi c e , 11 e 11 i n g ton) • 
PRENZ NZ retail beef price, real NZc/kg. (tTZ Department of 
Statistics, 'Prices, Wages and Labour'). 
PRPUK UK retail pork price, annual national average, real p/lb. 
(National Food Survey, HAFF; UK Narket Survey, HLC). 
PRBUK UK retail beef price, annual national average, real p/lb. 
(Source as above). 
PRCUK UK retail poultry price, annual national average, 
uncooked broiler, real p/lb. (Source as above). 
PBUK UK wholesale beef price; Smithfield, top quotation for 
English longsides, £/tonne. (Production Yearbook, FAG). 
PWBUK PBUK/cPIUK 
PHLUK UK wool price; Guaranteed price to producer, real p/lb. 
(British ~vool Harketing Board, Annual Report). 
PBUS 
WRNY 
US beef price; wholesale steer beef carcases, SOO-600lb, 
Chicago, real US$/IOOlbs. (Productio.n Yearbook, FAD). 
World annual per capita National Income, average of market 
economies, US$, deflated by CPIH. (Yearbook of National 
Accounts and Statistics, UN). 
t Time period. 
i the following regions: Argentina = AR, Australia = AU, 
Canada = C, East Europe = EE, EEC(8) EC, Greece = G, 
Iran = I, Japan = J, NZ = NZ, UK = UK, USA = US, USSR =R, 
Rest-of-World = RW, Total World = W. 
264 
'."'., 
265 
APPENDIX II 
SUMMARY OF OTHER STUDIES 
OF SHEEPMEAT DEMAND AND SUPPLY 
': ~:,;., 
.:. 
, .', 
. .- - --.-~--'--- -'----
N 
0'\ 
AUSTRALIA 0'\ 
Researcher Year .Dependent Demand Elasticity with Respect to: Data Period 
Variable Own-Price Lamb Mutton Beef Pork Chicken Income 
Taylor 1963 T -1. 8 1949/50- A .u 
M -1.2 1959/60 
Taplin 1965 L -1.5 1951/64 Q 
Marceau 1967 L -2.07 -0.6 0.48 0.14 1951-63 Q 
M -1.09 0.79 1. 24 0.01 
Gruen et al. 1967 L -1.55 0.24 0.5 0.83 1949/50- A 
-- M -1.38 0.28 1.2 -1. 73 1964/65 
BAE 1967 S 0.51 1966 
Papadopoulos 1971 L -1.3 -0.48 0.87 0.26 1962-70 Q 
M -2.13 1.29 1.07 0.26 -0.72 
Greenfield 1974 S -0.61 0.95 0.34 0.43 -0.51 1955-72 A 
Hain et al. 1976 L. -1. 89 0.48 0.64 0.91 -0.14 196 2-75 Q 
-- M -2.02 0.91 0.51 0.95 -C.96 
S -1. 24 0.52 0.91 -0.49 
( 1) Price elasticity implied by flexibilities reported. 
S Mutton/Lamb A = lmnual 
L Lamb Q Quarterly 
N !-1utton rv Weekly 
:::: 
THE UNITED KINGDOM 
Researcher Year Dependent Variable Demand Elasticity with Respect to: Data Period 
Own Price Income 
Philpott & Matheson 1965 Quantity -1.43 0.77 1955-62 Q 
Matheson & Philpott 1967 Quantity -1.14 1955-63 Q 
Chetwin 1968 Quantity -0.70 1955-63 A 
Edwards & Philpott 1969 Quantity -1. 83 0.32 1955-63 A 
Greenfield 1974 Quantity -0.79 1955-72 A 
Maclaren 1977 Price -0.73(1) 1962-73 Q 
Dixon 1965 Price -1.8 1955-61 Q 
Coleman & Miah 1973 Price -0.92 1958-68 Q 
National Food Survey 1978 Quantity -1.24 0.21 1970-77 H 
Bushnell 1973 Price -0.79(1) 0.58 1964-71 1'1 
Boutonnet 1976 Price -0.27(1) Unclear A 
NZIvIPB 1979 Price -1.1 (1) 0.56 1964-77 A 
Kelly 1978 Quantity -0.96 196 6-71 A 
Sheppard 1980 Quantity -1. 8 0.54 1970-77 Q 
IV 
'" -...J
-"'-
N 
EEC 0\ 
00 
Researcher Year Dependent Demand Elasticity with Respect to: Data. Perio;:: 
Variable Own-Price Beef Pork Income 
Germany 
Greenfield 1974 S -2.110 1.74 -0.93 -1.67 1955-72 l,: 
Italy 
Greenfield 1974 S -1. 310 0.80 
France 
Laloux 1968 S 1. 35 1966 
Fouguet 1973 S -0.876 +0.1 1949-67 A 
Greenfield 1974 S -0.576 0.09 1955-72 A 
Kelly 1978 S -0.17 0.93 1966-73 Q 
Ireland 
Murphy 1964 S 1. 63 1951-52 
Pratschke 1969 M 0.59 1961-64 Q 
L 1. 24 
Casey 1973 S 1. 62 1967 
Nurphy 1976 M 0.65 1973 
L 1. 49 
Greece 
Ch:cistou 1980 M -0.77 0.22 0.07 0.83 
Sakellis 1981 S -0.6 1.12 
CANADA 
Researcher Year Dependent Demand Elasticity with Respect to: Data Period 
Variable OWn-Price Beef Pork Chicken Income 
Brandow 1961 S 0.65 1924-41 A 
Edwards 1970 S (1) -0.41 -0.66 -0.35 -0.11 0.50 1940-66 A 
Tryfos 1974 L -1.8 -2.91 1954-70 1.,. 
Greenfield 1974 S -0.91 0.29 1955-72 A 
Hassan 1975 L -1.8 0.96 0.39 1954-72 A 
Kulshreshtha 1975 S -1. 04 0.47 -0.11 1949-71 A 
Denton 1979 L -4.95 3.08 
JAPAN 
~1in. of Ag. 1976 M -0.99 1.5 0.5 1956-75 A 
USDA 1978 M -0.4 -0.4 0.2 0.3 0.5 n/a 
NEW ZEALAND 
Court 1967 M -0.69 0.71 -0.02 0.42 1950-60 A 
Yandle 1968 M -0.54 0.29 -0.84 0 1950-65 (l 
L -1. 5 0.44 2.0 
N 
0'> 
1.0 
UNITED STATES 
Researcher Year 
Breimyer 1968 
Edwards 1970 
George 1971 
Greenfield 1974 
Regier 1978 
Roberts 1979 
Dependent 
Variable . 
L 
S (1) 
S 
S 
S 
L 
Own-Price 
-3.84 
-0.35 
-1.67 
-2.31 
-2.626 
-3.84 
Demand Elasticity with Respect to: 
Beef Pork Cliic~en 
-0.26 -0.36 -0.63 
0.38 0.52 0.18 
.885 .230 .166 
.589 .891 .234 
Income 
2.0 
0.44 
0.57 
N 
-....J 
o 
Data Period 
1948-60 
1913-68 
1946-65 
1975-72 
Derived 
1953-75 
A 
A 
A 
A 
A 
FAD ESTIMATES OF INCOME ELASTICITIES WITH RESPECT TO SHErPMEAT 
Country 
World 
USA 
Canada 
EEC 
Benelux 
Germany 
France 
Italy 
Netherlands 
UK 
Ireland 
Denmark 
Greece 
Spain 
Portugal 
Eastern Europe 
Bulgaria 
Hungary 
Poland 
Romania 
Yugoslavia 
USSR 
China 
South America 
Argentina 
Brazil 
Chile 
Peru 
Uruguay 
Near East (Asia) 
Afghanistan 
Iran 
Iraq 
Jordan 
Lebanon 
Saudi Arabia 
Sudan 
Syria 
UAE 
Far East 
India 
Pakistan. 
Japan 
Near East (Africa) 
Ethiopia 
Israel 
Libia 
Morrocco 
Somalia 
Turkey 
South Africa 
Australia 
NZ 
(1) Cross Sectional Data. 
SOURCE: FAD, 1976. 
Income Elasticity 
.53 
o 
.4 
.46 
.2 
.2 
.4 
.6 
.4 
.3 
.4 
.4 
.8 
.7 
.7 
.84 
.8 
.8 
.5 
.8 
.7 
.5 
1.0 
.92 
o 
.5 
.7 
.5 
o 
.89 
1.2 
1.1 
1.0 
1.2 
.8 
1.0 
.8 
1.2 
1.0 
.88 
.6 
1.5 
1.4 
1.0 
.7 
.5 
.8 
.9 
.9 
1.0 
.4 
o 
o 
. _______ 271 
(1) Survey Year ' 
1972 
1965/66 
1969 
1972 
1963/64 
1972 
1970 
1963/4 
1972 
1962 
1965/66 
1967/68 
1963/64 
1964/65 
1967/68 
1972 
1972 
1971 
1972 
1972 
1969 
1972 
1965/67 
1972 
1965 
1968 
1968 
1971./72 
1972 
1972 
1972 
1971 
1972 
1972 
1972 
1972 
1972 
1972 
1969 
1972 
1964/65 
1971/72 
1969 
1972 
1972 
1963/74 
1969 
1972 
1972 
1972 
1972 
1972 
1972 
: ~ . 
N 
AUSTRALIA "-I N 
Researcher Year Dependent Supply Elasticity with ResEect to Price of: Data Period 
Variable Sheepmeat Wool Beef Dairy 
Gruen 1967 L 0.25 -0.05 -0.2 1949-64 A 
Regier 1978 L 0.32 -0.12 -0.2 Derived 
Hall 1977 S 0.59 0.18 -0.23 
Hall 1981 S 0.16 0.18 -0.95 
Freebairn 1973 L 0.03 -0.70 -0.08 1947-64 A 
M -0.26 -0.10 0.10 
NEtv ZEALAND 
Researcher Year Dependent Own-Price Elasticity of Supply: Data Period 
Variable Short-run Long-run 
Court 1967 L 0.05 2.00 1947-61 F_ 
M -0.45 -0.94 
Rich 1978 Sheep +0.08 1953-74 A 
Tweedie 1981 S -0.051 +0.12 1961-78 Of-
Laing 1981 M -0.14 0.03 1958-79 A 
L -0.18 -0.02 
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APPENDIX III 
PRICES AND PRICE LINKAGE EQUATIONS. 
A3.1 Price series. 
Reasons for the choice of the 'world' price series were outlined 
in Chapter 3. Several alternatives were available. The NZ 
Schedule price was considered, since it is meant to be a weighted 
average of world market prices. If this were so it would be 
closely related to the NZ foo.b. export unit value (which is the 
true weighted average of NZ returns), and other representative 
world prices. 
In Figure A3.1 and Table A3.1 the relationship between the 
Schedule, the border and the Smithfield price is indicated. It is 
clear from the figure that the Schedule price is below both world 
and border prices (because of transport and processing costs 
etc.). It does appear however, to reflect moves in world prices, 
but only after some delay. 
The relationship between the NZ Schedule price and the border 
price in Table A3.1 indicates that changes in border prices are 
reflected back to the Schedule price, and that for a $10 increase 
in export prices, returns to the producer increase $6.70. 
The price relationship between NZ and the world market indicates 
that the Schedule price is responsive to changes in the world 
price. However, due to high shipping costs,freezing company 
charges etc., a $10 increase in the world price translates into 
only a $3.40 increase to the producer. 
The Schedule price could have been used in the analysis as a 
proxy world price, though it has also been shown (Shadbolt, 1981) 
to reflect expectations and domestic cost factors, rather than 
274 
U8$/ t 
2500 
2250 
2000 
1750 
1500 
1250 
1000 
750 
500 
250 
1960 2 
FIGURE A3.1 
N.Z.Schedule & Export Prices 
in Relation to the World Price 
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purely actual market returns. 
The United Nations Commodity price indices were also investigated 
for use as a proxy world price. Only a mutton index is quoted, 
for the years 1970 onwards: there is no information on lamb 
prices, nor on the longer term trends. 
Another obvious choice would be an Australian series, but the 
problems encountered here were that wholesale price series 
. reflect their domestic, rather than the world situation. Their 
export price series are dominated by the mutton trade, which 
again does not reflect many of the changes in world sheepmeat 
trade. 
The final alternative was to use the world trade unit value, but 
this is heavily dominated by the UK trade anyway, so the most 
appropriate option was to use the Smithfield price. The 
representativeness of this price series is tested in the 
following section. 
A3.2 Price linkage equations. 
Price transmission elasticities were approximated from a se~ies 
of separate equations. These price linkages are included to show 
the extent, if any, of the gap between world and domestic prices. 
Experts from GATT (1958) proposed that the ratio of internal to 
world prices gives a rough measure of protection; whilst the 
measure is very rough, since it is not possible to measure all 
.-_-•• ;.:- 0",< trade restrictions in terms of prices (Holzman, 1969) it is 
assumed here to be adequate. 
Response functions have been used in this context by Bredahl et 
al (1979), Griffith and Meilke (1979) and Tyers and Chisholm 
_.-: .. -.- ..... _-----. 
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(1980, 1982). Three sets of relationships were determined here to 
account for linkages at various levels of the market. In the 
first set functions were specified in the form; 
(A3.1) PDi = ri + wiPXi 
where PDi and PXi are domestic wholesale and border prices 
respectively, measured in national currencies. Griffith and 
Meilke (1979) suggested the inclusion of other variables in such 
.relationships to reflect institutional behaviour in commodity 
markets. For reasons given in Chapter 2 there is little public 
sector intervention in the sheepmeat market and so here no such 
policy response variables are included explicitly. (They may need 
to be included in future, in view of the increased trading by 
Central Authorities on both the import and export side, in recent 
years). 
In the second series domestic prices were related to the world 
price in national currencies by a function of the form; 
(A3.2) PDi = ri + wiPwi 
These equations show the amount of protection between domestic 
and international markets. There should be less bias arising from 
meat quality differences in these equations, as price series for 
similar grades of meat are used where possible. 
The final set of equations accounts for international transport 
C.osts and quality diferences. Border prices for sheepmeat were 
specified (in US$) to be dependant on the world equilibrium price 
and a constant term, of the form; 
(A3.3) PXi = ri + wiPw 
Trade unit values were used as an approximation of border prices, 
su it was possible to determine the responses in all countries in 
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the model, using trade data supplied by FAO (Pers. Comm.). 
The price transmission elasticity is normally bounded by one and 
zero. In a free trade case with zero transport costs where 
domestic and world prices are equal, the elasticity would be one. 
If the foreign price is differentiated by transportation costs, 
quality differences or is subject to a constant" tariff (ie, if 
'ri' is positive), then the price transmission elasticity will be 
less than one. If the foreign price is less than the world price 
(ie. if 'ri' is negative), then the price transmission elasticity 
will be greater than one. This occurs where trade is subsidised, 
or there is a quality difference. The less insulation there is 
from the external market, the closer the price transmission 
elasticity will be to unity (Bredahl et al, 1979). 
The response functions were estimated using OLS over the period 
1960-1980, although SOme series were shorter because of data 
limitations. The reliability and representativeness of some of 
the series is questionable, and the functions proved highly 
sensitive to adjustments made for inflation and exchange rate 
differences. For these reasons the series were not included in 
the model described in Chapters 3-6, and too much emphasis should 
not be placed on the results. 
The results are shown in Table A3.1, with the respective 
elasticities calculated from Equations A3.I-A3.). The equations 
generally yielded elasticities that were close to one, and the 
different responses noted in Table A3.I tend to reflect the 
variation between importers and exporters, due to associated 
transport costs and variation in qualities of meat traded, rather 
i 
Argentina 
Australia 
Canada 
East Europe 
E.E.C. (9) 
Greece 
b Iran 
Japan 
N.Z. 
U.K. 
U.S.A. 
U.S.S.R. 
World Exports 
Imports 
r 
83956.0 a 
-74.5 a 
159.1 
284.8 a 
30135.;0 
136592.0 
2.4 a 
-41. 6 
326.3 
n.a. not available 
Domestic V Border 
PDi ri + wi.PXi e 
w 
0.02 
1.32 
1. 95 
n.a. 
2.33 
1.82 
n.a. 
0.38 
0.67 
1.35 
1. 33 
n.a. 
n.a. 
n.a. 
PTE 
0.93 
lolO 
0.92 
0.92 
0.65 
0.46 
0.99 
1. 08 
0.80 
PTE Price Transmjssion Elasticity 
a 
b 
t statistic not significant at 5% level 
Iran : 13 observations 
',' 
,,' 
TABLE A3.1 
Estimates of Price Response Functions 
Domestic V International 
PDi ri + wi.PWi e 
R2 
.98 
.87 
.94 
.85 
.87 d 
.52 c 
.94 
.99 
.95 
r 
57514.'Oa 
38.7 
-7.9 a 
211.4 a 
2595LO 
89909.;0 
54.2 
320.5 
c Japan: 10 observations 
w 
0.02 
0.73 
1. 77 
n.a. 
2.23 
1.61 
n.a. 
0.39 
0.34 
n.a. 
1. 23 
n.a. 
n.a. 
n.a. 
PTE 
0.95 
0.95 
1. 00 
0.94 
0.70 
0.64 
0.86 
0.81 
R2 
.97 
.98 
.97 
.90 
.88 d 
.65 c 
.94 
.96 
d 
p. 
PDi is E.E.C. price converted to Drachma 
National Currency 
f U.S.Dollars 
N 
-...,J 
00 
Border V International 
pxi ri + wi.PW f 
r 
-17 0.6 
161.2 
-46.9 a 
163.4 
-75.5 
-67.1 
382.9 
-157.9 
115.8 
79.5 
24.4 a 
-143.8 
20.3 a 
7.2 a 
w PTE 
0.86 1.21 
0.49 0.76 
0.88 1. 04 
0.96 0.86 
1. 00 1. 06 
0.88 1. 06 
0.64 0.56 
0.82 1. 21 
0.48 0.81 
0.74 0.91 
0.89 0.97 
0.63 1. 24 
0.68 0.97 
0.85 0.99 
R" 
.9/ 
· 8 ~ 
• 9 ~ 
.97 
· 99 
.97 
.75 
.96 
.93 
.98 
.96 
.82 
.96 
.98 
2'79 
Variable Definitions. 
Pw (See Appendix 1). 
PXi Trade unit value, for country i. Annual average. (FAO, Pers. Comm). 
PDAR Argentine wholesale price, paid at freezing works. Annual average . 
pesos per head, all grades. (JNC, Sintesis Estadistica). 
PDAU Australian wholesale meat price, at Sydney, for 18.S-22kg slaughter 
weight wethers. Au$/t. (FAO). 
PDC Canadian wholesale meat price, Toronto. C$/t. (CDA, Canadian Agri-
cultural Situation). 
PDEC French wholesale meat price. ECU/t. (FAO). 
PDJ Japanese import price for NZ mutton. Yen/t.(NZMPB, Annual Report). 
PDNZ NZ Schedule price, for PM grade lamb. NZ$/t. (FAO). 
PDUK UK wholesale meat price, at Smithfield, for PM grade imported 
frozen NZ lamb. (FAO). 
PDUS -US wholesale price for NZ lamb cuts. US$/t. (USDA, Livestock and 
Meat Statistics). 
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than market protection. 
From the estimated responses reported in Table A3.1 it could be 
concluded that there are few barriers to trade in any region. It 
could also be concluded (from the high R2 values obtained) that 
the UK price series is closely related to, and therefore 
representative of, moves in other price series. However, it 
should be recalled that these functions fail to account for many 
,fBctors which distinguish domestic from international prices. 
These factors were emphasised in the study and effectively reduce 
the transmission elasticity of domestic to world price closer to 
zer o. 
A3.3 Prices of mutton and lamb. 
The following equations were estimated, relating the real prices 
of mutton (PM) and lamb (PL), in Australia (au) and New Zealand 
(n z ) • 
PMnz = -269.66 + 1.13PLnz 
(l.83) (5.51) 
R2=0.39 DW=O'] 7 S=55.08 F(l,19)=12.39 
PMau = -135.42 + 0.83PLau 
(2.27) (6.59) 
R2=0.69 DW=1.B3 S=45.40 F(1,19)=43.52 
Where: PMnz and PLnz are export unit values of NZ mutton and 
1 a m b • Re a 1 (1 9 7 0) n z $ / t , 1 9 6 0 - 8 0 • N Z De par t men t 0 f S tat s. 
PLau and PMau are Australian saleyard prices of lamb and 
mutton. Real (1970) au$/t, 1960-BO. ABS. 
Mutton-price elasticities (with respect to lamb prices) of 2.08 
and 1.83 were calculated from the respective equations. 
APPENDIX IV 
Alternative Projections of Sheepmeat Market Trends 
Study 
BAE 
BAE 
NZMPB 
NZ~1 & WBES 
,NZM & vmES 
GOL 
GOL 
GOL 
GOL 
GOL 
MLC 
GOL 
MLC 
ivILC 
World Bank 
GOL 
GOL 
Date 
1979 
1981 
1981 
1980 
1980 
1978 
1978 
1978 
1978 
1978 
1981 
1978 
1981 
1981 
1977 
1978 
1978 
Country Year 
Australia 1982/83 
Australia 1984/85 
NZ 1984/85 
NZ 1985/86 
NZ 1980/91 
NZ & 1985 
Australia 
Australia 1985 
USA 1985 
Japan 1985 
UK & Ireland 1985 
UK 1985 
EEC(6) 1985 
EEC (8) 1985 
Greece 1985 
Iran 1985 
Nor1d 1985 
World 1985 
Dependent 
Variable l 
P 
C 
X 
X 
X 
X 
P 
C 
X 
P 
C 
X 
M 
C=M 
P 
C 
M 
P 
C 
M 
P 
C 
M 
P 
C 
M 
p 
C 
M 
p 
C 
M 
M=X 
priceS 
1 P = Production C = Consumption X = Exports M = Imports 
2 Includes live sheep exports at approx. 110 Kt. 
3 17.7kg per capita. 
4 Not available: by deduction of C from P, X = 381 Kt. 
5 Price (equivalent definition to DPN) in real 1970 terms. 
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Volume 
(Kt) 
610 
320 
400 
400 
574-615 
634-749 
181. 4 
74.7 
106.7 
187 
171. 5 
15.5 
107.5 
290.2 
254.8 
644.4 
389.5 
283 
390 
106 
192.9 
261.8 
68.9 
373 
468 
.95 
125 
140 
15 
344 
960 
666 
1082.3 
678 
282 
283 
APPENDIX V 
SUMMARY TABLES OF 
GOODNESS-OF-FIT STATISTICS 
284 
TABLE AS.l 
Summary of Goodness-af-Fit Stutistics for Each EndoS/enous Variable 
1960-80; Static Simulation 
Variable (1) R2 RMSE (%) MARE (% ) Theil's Ul 
SAR .75 9.6 7.1 .03 
Sl'.U .69 10.3 8.1 .05 
SC .92 10.0 7.5 .04 
SEC .96 2.2 1.8 .01 
SI .92 9.9 6.6 .01 
SG .95 3.5 2.8 .01 
SNZ .68 3.8 3.0 .01 
SUK .37 5.0 3.7 .02 
SUS .98 4.0 3.5 .01 
PCAR .91 7.2 5.4 .03 
PCAU .89 8.8 6.8 .04 
PCC .61 17.5 14.9 .08 
PCEC .94 4.0 3.4 .01 
PCG .77 5.3 4.5 .02 
PI .79 11.8 8.8 .05 
PCJ .82 16.3 12.6 .07 
PCNZ .47 14.2 10.8 .06 
PCUK .98 2.3 1.8 .01 
PCUS .98 4.7 3.3 .02 
XAR .19 37.7 27.6', .18 
XAU .60 19.2 12.1 .08 
XNZ .56 6.1 4.8 .03 
XEE .83 40.5 32.3 .14 
XRW .93 11. 0 8.1 .04 
MC .51 26.8 23.7 .12 
MEC .92 21.1 17.2 .10 
MG .82 26.8 21.1. .11 
MI .58 67.2 51. 6 .28 
MJ .83 15.6 11. 7 .06 
MR .46 56.0 42.9' .28 
MUK .93 6.7 5.8 .03 
MUS .74 31.5 25.5 .13 
MRW .86 19.2 15.3 .08 
PW .96 12.0 9.4 .05 
(1) Defined in Appendix l. 
- - - - '.-.: - -:.~. -'.' 
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TABLE 1\5.2 
Summary of Goodness-of-Fit Statistics for Each Endogenous Variable; 
Linear Trends Model (1960-80) 
-------
Variable(l) R2 MARE (%) RMSE (% ) Theil's Ul 
SAR .33 12.2 15.1 .07 
SAU .03 12.9 17.5 .08 
SC .80 13.2 15.6 .07 
SEC .92 2.8 3.3 .01 
SG .78 6.8 7.6 .04 
SI .82 12.9 15.2 .07 
SNZ .20 5.7 6.5 .03 
SUK .10 5.1 6.3 .03 
SUS .98 3.5 4.2 .02 
PCAR .71 9.1 12.5 .06 
PCAU .78 10.0 12.5 .06 
PCC .30 19.4 24.0 .12 
PCEC .92 4.1 4.8 .02 
PCG .22 7.8 9.7 .05 
PCI .64 11. 9 15.7 .07 
PCNZ .48 9.9 14.1 .07 
PCUK .92 3.6 4.5 .02 
PCUS .97 4.8 6.1 .03 
P\'l .78 21.5 25.5 .11 
MRW .78 21.4 26.4 .11 
XRW .92 10.5 14.6 .06 
Me .18 31.3 38.8 .18 
MEC .94 14.1 17.2 .08 
MG .00 60.0 64.8 .29 
MI .52 36.2 60.3 .30 
MJ .72 19.3 22.4 .10 
MR .63 57.8 71.5 .24 
MUK .87 8.1 9.8 .05 
MUS .55 30.5 35.6 .16 
XAR .07 27.5 34.7 .17 
-'-
XAU .28 20.9 28.6 .14 
XEE .79 36.3 42.4 .16 
XNZ .39 5.7 7.4 .04 
(1) 
Defined in Appendix 1. 
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APPENDIX VI 
DATA 
" 1 I Vanab e 
Data Series Used in the Model 
(Endogenous Variables) N 
00 
00 
Year PW PEe PC PG PNZ PI PUS PJ PAll PAR PUK DPW SAR CAR SAlJ CAU CC SC SEC 
1960 646 779.65 841.50 25840.0 714.07 61168. I 850.00 412979. 789.35 382986. 338.20 742.52 168 123 568 473 25 14 222.2 
530 660.94 715.84 20384.6 559.30 Lf7794.6 688.31 319767. 630.34 274938. 269.54 623.52 166 125 586 460 30 15 214.9 
2 601 732.25 824.44 22537.5617.1452936.9 770.51325997. 696.22383495. 297.16690.80 166 124603 45932 15222.8 
3 616 709.73 842.12 22265.1 607.89 53025.0 779.74 327929. 688.38 301156. 297.17 669.56 151 115 590 444 35 14 212 
4 693 757.29 915.44. 24750.0 649.80 56446.0 855.55 330792. 748.10 307774. 326.43 714.43 135 115 592 436 30 13 215.7 
5 719 802.25 926.90 24511.4 646.02 56733.6 876.82 337090. 732.07 314353. 324.00 756.84 163 126 579 416 26 12 223.5 
6 665 734.27 835. II 21451.6 590.45 53025.0 773.25 297198. 667.98 304176. 286.83 692.70 188 123 622 436 40 10 232.9 
7 639 728.32 775.41 20393.6 654.20 49571.9 734.48 275379. 612.89 319500. 311.98 687.09 204 131 630 461 36 9 235 
8 633 708.68 728.29 20202.1 639.54 49002.0 703.33 257516. 599.68 273519. 298.00 688.04 209 148 655 462 47 8 235.2 
9 698 749.43 777.97 21587.6 661.09 54401.3 734.73 268692. 650.01 284070. 308.90 734.73 193 135 726 488 49 8 237.6 
1970 704 718.08 711.04 21120.0 630.78 53771.5 704.00 252032. 631.48 281600. 293.56 704.00 176 133 764 482 43 7 242.1 
727 713.28 719.80 20771.4 557.58 51895.6 705.82 216042. 586.49 255986. 260.78 685.84 175 153 909 542 32 8 259.6 
2 978 912.80 888.2726917.4717.2064396.2 914.01266086.709.95211688.352.24815.00 13211486955145 9256.6 
3 1383 1024.75 1069.66 31431.8 762.39 75418.1 1124.39 312290. 749,.49 192618. 468.26 833.13 127 102 556 366 37 II 251.3 
4 1310 735.33 894.41 23254.4 701.12 61945.6 929.07 247170. 689.81 158596. 376.18 617.92 112 87 476 353 25 8 263 
5 1425 1015.52 877.59 26841.3 875.09 62505.3 931.37 241458. 735.63 731108. 380.51 818.96 123 96 548 354 29 9 275 
6 1521 881.40 905.35 26175.3 851.11 62316.8 968.79 227760. 808.85 647811. 415.26 780.00 126 88 591 320 22 7 289.7 
7 1651 794.15 988.78 23922.7 745.61 57032.3 1025.47 189589. 744.23 554042. 346.05 696.62 132 90 542 271 19 6 286.7 
8 2109 1195.73 1185.06 28120.0 819.97 61925.5 1178.21 189419. 869.58 431615. 383.52 941.51 130 92 492 247 26 4 296.8 
9 2259 1177.47 1101.03 26953.2 787.08 60299.9 "1l35.18 228772. 835.26 287305. 330.38 872.20 124 103 533 319 25 4 304 
1980 2606 1082.36 1167.17 28501.1 762.41 52313.6 1142.98 220587. 871.97 216820. 300.91 832.58 118 104 567 320 20 5 310.9 
As defined in Appendix I. 
Year 
1960 
2 
3 
4 
5 
6 
7 
8 
9 
1970 
2 
3 
4 
5 
6 
7 
8 
9 
1980 
CEC SEE CEE 
216.4 164 160 
210.5 
213.4 
208.4 
215.1 
222.5 
235.4 
241.9 
245.6 
258.6 
270 
286 
298.6 
309.4 
153 
170 
152 
157 
172 
183 
187 
194 
189 
179 
185 
185 
184 
299.9 184 
338 182 
354 201 
359. I 192 
370.8 192 
381 183 
369.9 193 
Ifl 9 
169 
149 
156 
171 
179 
186 
187 
181 
177 
181 
176 
174 
172 
162 
178 
168 
167 
158 
167 
SG 
78 
80 
86 
91 
87 
83 
82 
80 
79 
82 
86 
92 
93 
98 
112 
115 
117 
119 
118 
119 
120 
Data Series Used in the Model (contd.) 
CG S1 
92 151 
92 
96 
III 
113 
123 
152 
159 
155 
ISO 
153 
C1 
152 
153 
160 
156 
151 
155 
124 166 167 
121 181 182 
124 196 197 
125 219 225 
132 211 226 
156 187 194 
143 219 226 
143 230 242 
120 233 252 
127 295 332 
130 380 438 
127 383 463 
130 377 412 
131 390 400 
128 350 415 
CJ SNZ CNZ 
18 448 103 
22.6 457 
23. I 472 
48.8 468 
61.4 489 
53.8 464 
92.3 469 
98 520 
109.2 554 
129.2 560 
110.8· 563 
130 566 
151.5 570 
133.7 527 
90 487 
130.7 511 
136.2 513 
148.2 SOl 
139.1 485 
118 534 
79 548 
111 
112 
118 
112 
130 
124 
165 
169 
121 
125 
115 
130 
126 
125 
109 
104 
95 
107 
98 
98 
MR QJ.K SUK QJS 
8 608 227.7 423 
642 267.2 420 
6 631 254 431 
600 244.9 413 
5 605 256 360 
2 60 I 244.7 327 
592 270.4 353 
607 261.8 347 
606 246.4 338 
577 207.3 317 
29 553 226.6 304 
64 570 229.6 298 
8 552 219.5 312 
15 479 235.7 255 
95 442 252 221 
77 473 259 197 
62 444 248 181 
85 407 229 169 
28 422 228 155 
94 397 230 150 
160 432 278 159 
SUS XRW MRW 
384 19 42.5 
375 
367 
348 
325 
295 
295 
293 
273 
249 
250 
252 
246 
233 
211 
186 
168 
159 
140 
133 
144 
21 
30 
33 
39 
58 
50 
56 
50 
54 
66 
71 
88.3 
59.7 
99.2 
94.9 
101.6 
79.9 
65.8 
118.1 
185.9 
72 214.2 
64 
72 
156 
142.9 
78 134.1 
93 171.3 
97 280.5 
99 247.4 
137 303.9 
147 327 
129 311 N 00 
\0 
ID 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
T ERAR 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
83 
83 
134 
132 
151 
188 
247 
350 
350 
350 
400 
500 
500 
500 
500 
6090 
17 27450 
18 59750 
Exogenous Variables N 
\0 
o 
CPIAR DAR YAR NAR RAU PBAU ERAU CPIAU PWL YAU NAU NC YC ERC CPIC PBUS PBRLY NEC EREC 
14 0 3589 19.9 100.9 130 .89 73 107 1805 10.3 17.8 2819 0.99 76 1238 64 178.8 1.05 
15 0 3682 20.2 93.5 126 .89 75 III 1816 10.6 18.2 2829 1.04 77 1148 67 180.6 1.06 
21 0 3437 20.5 96.3 119 .89 77 121 1782 10.8 18.6 2959 1.07 78 1234 64 182.8 1.06 
27 0 3276 20.8 109.8 119 .89 80 143 1810 11.0 18.9 3069 1.08 79 1091 66 185.0 1.06 
34 0 3568 21.1 103.6 121 .89 83 118 189711.0 19.3 3216 1.07 81 1025 65 187.0 1.06 
43 0 3912 21.4 73.7 126 .89 88 124 1932 11.5 19.6 3389 1.07 83 1102 59 188.9 1.06 
54 0 3814 21.8 92.9 133 .89 89 117 1963 11.7 20.0 3594 1.08 86 1059 67 190.6 1.06 
70 0 3794 22.1 66.1 133 .89 93 103 2034 11.9 20.4 3650 1.08 89 1064 62 191.9 1.06 
81 0 3725 22.5 103.8 133 .90 95 110 2082 12.0 20.7 3765 1.07 93 1093 63 193.1 1.03 
86 0 4059 22.8 93.8 132 .89 96 93 2289 12.2 21.0 3958 1.07 96 1127 53 193.8 1.02 
100 0 4038 23.2102.8 137 .89 100 72 2345 12.5 21.3 4017 1.01 100 1065 61 196.5 1.02 
142 0 4168 23.5 106.0 146 .83 104 88 2439 12.9 21.6 4277 1.00 101 1146 60 197.3 1.04 
231 
359 
413 
1187 
6445 
17805 
4276 24.3 75.7 145 .78 108 219 2564 13.2 21.8 4345 0.99 109 1167 92 198.9 1.12 
4438 24.7120.9 152 .67 124 258 2528 13.3 22.1 4298 0.99 128 1246 178 200.6 1.23 
4647 25.0 126.0 138 .75 143 183 2868 13.6 22.4 4526 0.99 145 1066 165 201.7 1.19 
4930 25.3 107.2 109 .75 154 187 3146 13.7 22.8 4422 1.01 164 1067 149 202.3 1.24 
488525.792.5107.92 173224324513.923.149261.00168 884117202.71.13 
480226.079.7105.87193199318014.123.349371.09182 885113203.31.14 
19 100350 49034 
1979 20 161850 127258 
501826.3105.0 III .87 211 1653171 14.3 23.64649 1.18210 1012 138203.9 1.27 
484726.775.4 1-53.88238183308414.523.945791.162381160175204.41.35 
5259 27.4 100.0 140 .88 263 225 3090 15.6· 24.2 4492 1.16 259 1203 180 204.8 1.30 1980 21 185350 222776 
ID YEC 
1960 1258.62 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1389.41 
1462.07 
1490.22 
1546.39 
1695.79 
1787.50 
1945.16 
2123.91 
2268.42 
2407.00 
2507.55 
2442.50 
2018.07 
1781.13 
2458.62 
2501.03 
2288.19 
2673.21 
2574.13 
2268.37 
CPIEC ERG YG DG NG CPIG 
70 30.0 16700 0 8.3 
71 
72 
74 
78 
81 
84 
86 
89 
95 
100 
106 
I I I 
12 I 
139 
157 
175 
194 
209 
231 
265 
30.0 18100 0 
30.0 18600 0 
30.0 20000 0 
30.0 21600 0 
30.0 23000 0 
30.0 23700 0 
30.0 25600 0 
30.0 28100 0 
30.0 29600 0 
30.0 33000 0 
30.0 36200 0 
30.0 40300 0 
30.0 42200 0 
30.0 38400 
35.6 40400 
37.0 43000 
35.5 43800 
36.0 47100 
38.3 48500 
43.2 49000 
8.3 
8.4 
8.4 
8.5 
8.5 
8.6 
8.7 
8.7 
8.7 
8.7 
8.8 
8.8 
8.9 
8.9 
9.0 
9. I 
9.2 
9.3 
9.4 
9.5 
75 
78 
80 
83 
84 
88 
93 
94 
94 
97 
100 
105 
109 
132 
169 
189 
215 
245 
270 
321 
395 
YI NI ERI DI CPII PBJ PPJ YJ NJ CPIJ ERJ SMD PWLNZ 
16665.0 21.5 75.75 0 80 
84 
86 
88 
93 
96 
95 
97 
97 
98 
980 618 300.854 92 56 358 34.3 
60 362 19.7 
66 358 35.1 
68 362 29.8 
75 358 42.4 
77 361 18.9 
81 362 19.4 
84 362 26.6 
88 358 32.3 
93 358 32.9 
126 
109 
103 
108 
131 
16286.3 22.2 
16513.5 22.7 
16513.5 23.3 
17952.8 23.9 
18861.8 24.8 
20982.8 25.5 
21973.0 26.3 
23277.9 27.0 
75.75 0 
75.75 0 
75.75 0 
75.75 0 
75.75 0 
75.75 0 
75.25 0 
75.09 0 
23983.3 27.8 76.38 0 
2-4059.7 28.6 76.38 0 
29941.0 29.7 76.38 0 
32537.9 30.5 76.38 0 
44832.1 31.3 67.62 0 
64847.6 32. I 67.62 0 
67018.4 33.0 70.62 0 
81322.4 33.6 
95064.0 34.7 
101688.0 35.8 
I 11061.0 36.9 
110730.0 37.5 
70.47 0 
70.47 0 
70.47 0 
70.47 
70.26 
100 
107 
116 
124 
143 
161 
172 
204 
240 
264 
350 
1061 506 342.760 
1063 421 338.102 
1100 572 374.770 
1072 497 396.412 
1109 484 421.243 
1296 401 455.718 
1476 430 513.060 
1613 498 581.424 
1452 517 635.716 
1370 397 686.709 
1386 406 712.075 
1360 410 760.461 
1596 397 844.459 
1541351 772.241 
1505 410 744.735 
1620 383 
1506 350 
759.224 
781.537 
1430 331 825.467 
1631 286 809.406 
1657 232 841.241 
93 
95 
96 
97 
98 
99 
100 
101 
102 
103 
105 
107 
108 
110 
III 
113 
114 
115 
116 
117 
100 358 35.2 
106 315 38.8 
III 302 3 1.0 
124 280 59.7 
159 300 40.6 
180 305 30.4 
195 292 36.9 
20924027.2 
216 194 55.2 
236 239 27.2 
254 215 13.4 
97 
94 
74 
56 
66 
56 
49 
58 
113 
98 
59 
83 
101 
79 
58 
54 
N 
\0 
c 
. ." 
,'.I 
ID SCHPBNZ ERNZ CPINZ YNZ PRBNZ NNZ CPIUK ERUK NUK YUK PRPUK PRBUK PRCUK DUK PBUK PWLUKA NUS YUS CPIUS 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
30.20 .719 
29.35 .7 17 
25.80 .718 
28.14 .720 
29.35 .722 
33.08 .718 
34.35 .719 
33.43 .890 
1654 
1615 
1635 
173 I 
1750 
1798 
1804 
172 I 
102 2.3 
99 2.4 
94 2.4 
9 I 2.5 
95 2.5 
100 2.6 
106 2.6 
10 I 2.7 
68 .356 52.3 723 31.55 29.27 30.17 0 
70 .356 52.8 743 31.21 28.71 27.30 0 
72 
74 
76 
.356 53.2 753 29.80 29.25 26.20 0 
.35753.5 776 28.74 27.90 24.54 0 
.358 53.8 819 29.77 30.05 25.44 0 
36.49 
4 1.63 
.899 
.890 
65 
68 
70 
73 
77 
80 
81 
87 
89 
94 
1759' 102 2.7 
79 .356 54.2 84 I 29.13 32.15 23.29 0 
83 .358 54.5 848 28.21 30.83 21.60 0 
85 .415 54.8 869 29.62 32.55 20.12 0 
89 .419 55.0 892 29.20 34.35 19.14 0 
49.90 .896 
52.70 .836 
52.50 .836 
100 
1825 
1945 
109 2040 
114 2207 
127 2286 
107 2.7 
113 2.8 
115 2.8 
119 2.9 
12 I 2.9 
94 .416 55.2 907 28.77 34.70 18.27 0 
68.95 
65.63 
.700 
.760 142 2348. 136 3.0 
100 .417 55.4 930 28.98 33.83 17.80 0 
109 .391 55.6 952 27.92 35.05 17.89 0 
118 .425 55.7 969 2B.27 36.32 16.00 0 
I 27 .430 55 . 9 I 040 33 . 90 43 . 93 I 9. I 5 0 
148 .425 55.9 1016 30.65 39.06 18.43 
38.25 .958 
54.15 1.052 
156 2393 
188 2369 
59.98 .980 217 2219 
62.21 .937 241 2310 
108.25 .993 285 2124 
128.00 .983 336 2107 
105 3.0 185 .494 55.9 1016 30.54 33.91 17.93 
99 3.0 215 .587 55.9 1040 29.52 34.93 17.61 
95 3. I 250 .524 55.8 1022 27.09 33.62 18.00 
89 3. I 270 .491 55.8 1087 29.50 35.57 IB.33 
118 3. I 307 
107 3.0 362 
.449 55.8 1099 28.01 35.83 16.61 
.418 55.8 1099 25.96 34.25 14.91 
688 
598 
669 
639 
801 
845 
800 
775 
864 
863 
862 
1050 
1215 
1537 
1464 
163 I 
1728 
1816 
2509 
3101 
3649 
42.9 180 3292 76 
42.9 184 3670 77 
42.9 186 3848 78 
42.9 189 3960 79 
42.9 191 4067 B1 
42.9 194 4358 B2 
48.8 196 4504 86 
48.8 199 4664 87 
48.8 201 4861 90 
48.8 203 4909 95 
48.8 205 4285 100 
49.9 207 4446 103 
50.6 209 4657 107 
55.0 210 4515 123 
57.2 212 4200 141 
68.2 213 4112 153 
75.02154455157 
110.0 217 4774 161 
110.0 219 5132 179 
I 12.0 220 5436 199 
115.0 221 5412 228 
N 
1.0 
N 
ID PB 
1960 605 
1961 564 
1962 529 
1963 566 
1964 690 
1965 730 
1966 768 
1967 753 
1968 778 
1969 809 
1970 902 
1971 1064 
1972 1257 
1973 1637 
1974 1685 
1975 1554 
1976 1600 
1977 1662 
1978 1175 
1979 2657 
1980 3512 
CPIW 
87 
85 
87 
92 
97 
95 
96 
93 
92 
95 
100 
106 
120 
166 
212 
174 
195 
237 
244 
264 
290 
\' 
',' 
WRNY 
574 
611 
632 
619 
628 
716 
750 
817 
869 
905 
930 
905 
883 
765 
721 
965 
918 
839 
946 
919 
946 
N 
\D 
W 
Variable I 
Exogenous pata Series for the Base Forecast 
Full series of forecast data are given from 1981-1990, based on th~ assumptions 
discussed in Chapter 7. In cases where variables are held constant throughout 
the forecast period, only the value in the first period is given. 
N 
<.D 
.p.. 
Year T NAR YAR NAU YAU NC YC NEe YEC l'K; YG NI YI NJ YJ NNZ YNZ NUl{ YUK NUS YUS WRNY 
1981 22 27.3 5385 14.8 3192 24.4 4640 205.0 2336 9.5 50470 38.1 114052 118 879 3.0 2147 55.8 1131 223 5590 972 
2 23 27.7 5514 15.0 3297 24.6 4793 205.2 2406 9.5 51984 38.6 117473 119 918 3.0 2187 55.9 1166 225 5775 999 
3 24 28.1 5647 15.2 3406 24.9 4951 205.4 2478 9.6 53543 39.2 120998 120 960 3.1 2229 55.9 1200 227 5965 1027 
4 25 28.4 5782 15.4 3518 25.1 5115 205.6 2553 9.6 55149 39.8 124627 122 1003 3. I 2271 56.0 1237 230 6162 1056 
5 26 28.8 5921 15.6 3634 25.4 5283 205.8 2629 9.6 56840 40.4 128366 123 1048 3.1 2315 56.0 1274 232 6366 1086 
6 27 29.3 6063 15.9 3754 25.6 5458 206.0 2708 9.6 58508 41.0 132217 124 1095 3.2 2359 56.1 1312 234 6576 1116 
7 28 29.7 6208 16.1 3878 25.9 5638 206.22789 9.7 60264 41.6 136184 126 1145 3.2 2403 56.1 1351 237 6793 1147 
8 29 30.1 6357 16.3 4006 26.2 5824 206.4 2873 9.7 62071 42.2 140269 127 1196 3.2 2449 56.2 1392 239 7017 1179 
9 30 30.5 6510 16.6 4139 26.4 6016 206.6 2959 9.7 63934 42.9 144477 128 1250 3.2 2496 56.3 1434 241 7248 1213 
1990 31 31.0 6666 16.8 4275 26.7 6215 206.8 3048 9.8 65852 43.5 148812 129 1306 3.3 2543 56.3 1476 244 7488 1247 
As defined in Appendix I. 
CPIAR 
CPIAU 
CPIC 
CPIEC 
CPIG 
CPII 
CPIJ 
CPINZ 
CPIUK 
CPIUS 
CPIW 
222776 
263 
259 
265 
395 
350 
254 
336 
362 
228 
313 
ERAR 
ERAU 
ERC 
EREC 
ERG 
ERI 
ERJ 
ERNZ 
ERUK 
185350 
0.88 
I. 16 
1.30 
43.20 
70.50 
215.00 
0.98 
0'.42 
DG 
DAR 
DI 
RAU 
PBAU 
PWL 
PBAR 
PWLAR 
PBUS 
PBC 
PBRLYC 
PBEC 
I. 00 
1.00 
1.00 
98.00 
140.00 
72.00 
292 I .99 
187.20 
1203.00 
1396.00 
69.50 
1581.00 
PBJ 
PPJ 
SMD 
PWLNZ 
PBNZ 
PRBNZ 
PRPUK 
PRBUK 
PRCUK 
DUK 
PWBUK 
PWLUK 
WPB 
1657.00 
232.00 
40.00 
54.00 
38.00 
107.00 
26.00 
35.00 
15.00 
1.00 
421.35 
.32 
1170.00 
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Alternative Forecasts. 
In this appendix the alternative forecasts discussed in Sections 
7.3.2 and 8.3 are reported. The re-estimated supply equations 
used in these forecasts are given below. (Where price responses 
derived from the original equations in Chapter 4 had negative 
coefficients, the equations were re-estimated after setting the 
coefficients to zero). 
Values in brackets beneath the estimated coefficients are 't' 
tests. Asterisks indicate coefficients which are not significant 
at the 5% level. Variable definitions are given in Appendix 1. 
SAU = 430.84 + 0.49SAU1 + 1.56PBAU2 - 0.94PWL2 - 1 .56 RAU - 4.79T 
(1.62) (1.89) (0.73)* (0.87)* (1.01)* (0.99)* 
R2=0.56 DW=1.44 S=90.39 F(5,13)=3.42 
SC = -8.24 + 0.72SC1 + 0.77E-02PBC2 + 0.19E-Q1PBRLYC 
(2.58) (7.77) (2.56) (1.45) 
m.;r=2. 08 S= 1 .07 
SEC = 94.72 + 0.50SEC1 + 2.80T 
(2.38) (2.43) (2.60) 
DW=1.94 S=6.35 F(2,16)=204.30 
SUK = 57.36 + 0.32SUK1 + 0.10PWBUK2 + 120.97PWLUK2 + 1~.89DUK 
(0.61)* (1.12)* (0.83)* (1.06)* (0.80) 
DW=1.44 S= 1 7 .68 
sus = 12.83 + 0.97SUS1 - 0.16E-01PBUS2 
(0.40)* (20.99) (0.47)* 
DW=1.46 S= 11 .38 F(2,16)=345.02 
In Table A7.1 the results of a Base forecast are given. This Base 
forecast uses similar assumptions to those in Chapter 7, except 
for the substitution of the above set of non-price responsive 
equations on the supply side. 
---:'--.-'.",-.----
TABLE A7. 1 
Projected Values of Sheepmeat Production, Consumption 
and Trade: 1981-90, 1985 and 1990 (Alternative Forecast) 
(Kt) 
Country 
Production 
Argentina 
Australia 
Canada 
EEC (8) 
Greece 
Iran 
New Zealand 
United Kingdom 
USA 
Per Capita 
Consumption (kg) 
Argentina 
Australia 
Canada 
EEC (8) 
Greece 
Iran 
Japan 
New Zealand 
United Kingdom 
USA 
Exports 
Argentina 
Australia 
East Europe 
New Zealand 
Rest-of-World 
Imports 
Canada 
EEC (8) 
Greece 
Iran 
Japan 
United Kingdom 
USA 
USSR 
Rest-of-World 
World Tllade 
World Pricea 
a 1980 US dollars 
1985 
79.9 
603.0 
12.1 
329.5 
140.5 
298.6 
494.6 
226.4 
78.3 
3.6 
9.6 
0.8 
2.0 
16.1 
12.0 
1.1 
34.6 
6.2 
0.2 
-24.4 
450.7 
32.5 
387.1 
163.8 
8.6 
91.5 
14.4 
186.3 
145.0 
123.9, 
-26.9 
108.8 
358.0 
1009.8 
$3099.25 
1990 
57.2 
558.3 
13.6 
357.4 
168.4 
352.7 
426.8 
226.2 
37.0 
3.3 
1.1 
0.7 
2.2 
17.4 
12.9 
1.3 
28.0 
5.4 
0.03 
-44.6 
575.1 
42.3 
334.3 
208.6 
4.5 
113.8 
2.3 
211.2 
179.2 
79.3 
-26.9 
121.5 
499.5 
1115.8 
$3776.98 
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Average 
1981-90 
79.8 
593.6 
11.6 
332.6 
144.0 
318.9 
486.6 
228.3 
74.9 
3.5 
9.8 
0.8 
2.1 
16.3 
12. I 
1.2 
33.8 
6.1 
0.1 
-24.3 
459.4 
33.0 
38Q.2 
169.6 
9.4 
93.4 
12.3 
179.0 
150.0 
119.5 
-15.6 
110.2 
397.7 
1018.5 
$3161 a 
· . : ~ -'. - '-'-
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Summarised in Tables A7.2 and A7.3 are the results of the two 
simulations discussed in Section 8.3. In both cases the 
simulations were performed using the equations presented above 
and evaluated against the alternative Base forecast detailed 
earlier in this appendix. 
The simulations assess the effects of firstly, a constant level 
of production in NZ and secondly, an annual growth of 2% in NZ 
production over the period 1981-90. 
a 
Variablea 
SNZ 
PW 
XNZ 
MW 
MUK 
TABLE A7. 2 
Ex Ante Simulation of a Constant Level 
of Production ln New Zealand 
Mean Value of 
Simulated Variable 
1981-90 
550 Kt 
$2,962 
441.7 Kt 
1045.2 Kt 
125.1 Kt 
Total New Zealand Revenue $ 1 ,308. 3m 
Variablea 
SNZ 
PW 
XNZ 
MW 
MUK 
TABLE A7.2 
Ex Ante Simulation With an Annual Growth Rate 
of 2% in Production in New Zealand 
Mean Value of 
Simulated Variable 
1981-90 
602 Kt 
$2,802 
492.4 Kt 
1067.2 Kt 
129.6 Kt 
Total New Zealand Revenue $1,379.7m 
As defined ln Appendix I. 
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Mean % Change 
Over Base Run 
+ 13.1 
-6.2 
+16.3 
+2.6 
+4.6 
+8.8 
Mean % Change 
Over Base Run 
+23.7 
-11.4 
+29.5 
+4.8 
+8.5 
+14.8 
